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OFFICIAL ORGAN OF THE ROYAL 


Complete Electrical and 
systems for Aircraft 


AERO 


ONE SHILLING & SIXPENCE 


AERO ENGINES 
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HIGH DUTY ALLOYS LIMITED 


Undercarriage leg for the Hawker 
Hunter Atrcraft. Forged in Hidununium for 
a DOWTY EQUIPMENT LTD. 
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Mr. J. H. Carmichael, President of Capital Airlines Inc., 
speaking at the 24th Annual Meeting of the Institute 
of Aeronautical Sciences on January 24th, 1956, said:— 
“The Viscount is a far better piece of equipment than we 
had ever anticipated .. . (We) had purchased the Viscount 
as hard-headed business men, aware that here was a sound 
development of the next logical step in air transportation . . . 


I honestly believe the inauguration of Viscount service 
moved the timetable by at least a year to eighteen months. 


... all the aspects we have discussed so far would be 
immaterial if the Viscount did not put black ink on the ledger 
The Viscount is meeting that all-important yardstick.” 


VICKERS 


FOUR ROLLS-ROYCE DART PROPELLER-TURBINE ENGINES 


Vickers-Armstrongs (Aircraft) Limited - Weybridge - Surrey 
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FLIGHT 


When there’s something 


in the air...- 


MARSTON 
DEVELOPMENTS 


are playing their part in Britain’s Leading Aircraft 
with HEAT EXCHANGERS ‘FLEXELITE’ FLEXIBLE FUEL TANKS 
LAMINATED PLASTIC RADOMES and other components 


The Marston design and development organisation is approved by the Ministry 


of Supply and the Air Registration Board—can we help to solve your problem ? 


MARSTON EXCELSIOR LIMITED 


(A subsidiary company of Imperial Chemical Industries Ltd.) 


FORDHOUSES - WOLVERHAMPTON - Tel: Fordhouses 2/8! 
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NEW AIRGRAFT SEAT 


The problem of the speedy conversion of a 
passenger airliner for carrying freight has now been solved. 
In association with British European Airways, Shorts 

have developed a seat which will be fitted to BEA’s new 
Viscount 802 fleet (although suitable for many other 
aircraft) which has every feature for passenger 

comfort and, at the same time, meets 

the new Air Registration 
Board requirements. 

It can be folded to one 

side simply and quickly 
"1 to permit the carriage of 
freight without sacrifice 
of passenger comfort 
or increase in weight. 
The new Shorts seat 
gives airline operators 
the passenger/freight 
flexibility which they need 
for economical running. 


If you have an aircraft 
seat problem Shorts 
can solve it for you 


Side of seat can be adjusted Tray table fixed independently 
outward for extra roominess. of seat in front. 


208a Regent Street, London W1 REGent 8716 


Enquiries to: SHORT BROTHERS & HARLAND LTD, 


} 
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. 
Adjustable back, of course. Folding the seats to one 
Centre arm rest also movable. side is a simple matter. 
Fits snugly into back of seat. No tools needed. : ; 


Power Plants 


World Leading Gas Turbine 
by ROLLS-ROYCE LIMITED 


HANDLED BY EQUIPMENT DESIGNED AND MANUFACTURED BY 
AVIATION TRADERS (ENGINEERING) LTD. 


The"DART" 
Road Trailer 


HIGH EFFICIENCY IN THE AIR— 
SMOOTH, QUICK AND ECONOMICAL HANDLING 
ON THE GROUND 


lephone: AMB: dor 2091 (S lines). Telegrams: AVIATRADE, WESDO, LONDON 


IATION TRADERS (eEncineerinc) LTD. 
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GREAT CUMBERLAND PLACE” - 
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THE FIRST VERSATILE TURBOPROP AIRLINER FOR SHORT 
AND MEDIUM RANGE TRAFFIC ANYWHERE IN THE WORLD, 
POWERED BY THE WORLD'S MOST RELIABLE PROPELLER- 
TURBINE, THE FAMOUS 1600 SHP ROLLS-ROYCE “DART” 


SAFETY COMFORT ECONOMY WILL SPAN THE WORLD AGAIN | 
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ANOTHER EXAMPLE OF THE PRACTICAL APPLICATION OF GOODMANS VIBRATION GENERATORS 


mg 


This experimental technique used by Rolls-Royce eliminated the need for a complete 
mathematical solution in studying the stress distribution in the ‘Dart’ impeller. It was decided 
to investigate, under laboratory conditions, the effect of detuning some of the vanes, but actual 
flight conditions had to be accurately simulated. Only in this way could quick changes be 
made and constant stripping down and rebuilding of the engine be avoided. To excite the 
required mode of vibration, it was essential that each vane be driven at the identical 
frequency, but at different and controlled phase shift. The illustration above shows the test 
rig used to accomplish this. A Goodmans Model V47 Vibration Generator was attached 
tangentially to each of the nineteen vanes of the impeller. Each vibrator was driven from the 
single phase stator of a Muirhead magslip resolver, the rotor of which was excited from two 
separate amplifiers with a 90° phase shift. The “magic eyes” indicated when each vane was 

in resonance, and careful adjustment of frequency and phase produced the same stress 
distribution (seen from stress gauges) as was experienced in running tests. This is a classical 
example of the application of electro-dynamic test equipment, and which has resulted 

in a much clearer-understanding of impeller vibration. 


¥ if you have @ vibration problem — 


fatigue testing, torsional or flexure testing or struc- 
tural investigation — consult Goodmans first. The 
Goodmans Vibrator Range includes models developing 
+ 8,000 lb. to a midget with force output of + 2 lb. 


Write for full details to “Vibration Dept. F.” 


Goodmans Vibration, 


GOODMANS INDUSTRIES LIMITED - AXIOM WORKS - WEMBLEY - MIDDX. ~- Tel: WEMbley 1200 (8 lines) 
GO? 
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OKING INTO: 
WELL WORTH Lo 


Note these special features of the 
Silvofiex Type 200 End-fitting — the lip-seal 
high pressure sealing zone, the Interlock thread 
anchoring the hose braiding, the lew pressure 
sealing zone— THREE safety factors ! 

Then look at its extra-large bore— almost 

as large as that of the hose. 


SILVOFLEX Type 200% 
Flexible Hose Unit 


A.1.D. Approved. 


For petrol and oil, for high-pressure fuel systems and for 
hydraulic controls, this is the high efficiency LONG LIFE Hose Unit — 
proved by its performance on so many of Britain's aero engines and 
aircraft. Available in a wide range of sizes for working pressures 

up to 4500 p.s.i. and for temperatures from — 40°C to 150°C. 


(Palmer 


The Paimer Tyre Limited PENFOLD ST. EDGWARE RD. LONDON, N.W.8 
WHEELS . TYRES - BRAKES . RAMS - VALVES - SILVOFLEX HOSE - X-RAY INSPECTION SERVICE 
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e Flame Tubes 
e Jet Tubes 
e Nozzle Boxes, etc. 


First-class development and 
production facilities offered 
to manufacturers 


Fully approved A.I.D. and A.R.B. 


@ VP SHEET METAL LIMITED 


WINDSOR STREET . CHELTENHAM 
Telephone: Cheltenham 5805 
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Visit STAND NO. 41 at the 
Mechanical Handling Exhibition, 
Earls Court. 9th-19th MAY. 


: 


courtesy of 
Platform by 
raft Servicing 
— 4 Son Ltd.» Bristol 


The above illustrations are typical of the wide 

application of Power Jacks Hydraulic Equipment 0 W 

ire, to lifting and handling problems. Our Technical ; : 

Advice Service is at your disposal. 
VALETTA RD.- ACTON - LONDON W.3 


TEL: SHEPHERDS BUSH 3443 (4 lines) - GRAMS. NEWSORBER. EALUX LONDON 
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HYMATIC DEVELOPMENTS IN AIRCRAFT EQUIPMENT 


High pressure reducing valves 


Even when the pressure ratio is high, Hymatic reducing valves 


still maintain a close pressure control over a wide range of flows. 

This makes possible the use of high storage pressures giving a saving of 
space and weight. Applications are nitrogen purging of fuel systems, 
cooling air supply to, and pressurising of, electronic equipment. 

The Hymatic valve PS. 64 is an example. It reduces inlet pressures between 
150 and 3000 p.s.i. to 10” w.g. and precisely controls the outlet to 

within + 3° w.g. with varying flows up to 90 c.f.m. 


Other products, the design and precision production of which have established 
Hymatic as leading engineers in the aircraft equipment field, include— 


/ te Non-return valves Sequence valves 

G. Pressure maintaining valves Fuel System vent and relief valves 
Stop valves Hot air reducing valves 
Ventilated suit system equipment Test rigs. 


THE HYMATIC ENGINEERING COMPANY LIMITED - REDDITCH - WORCESTERSHIRE 
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Nyloc Stiffnuts 


Enquiries co: SIMMONDS AEROCESSORIES LTD 
BYRON HOUSE, 7-8-9, ST. JAMES’S ST., LONDON, S.W.1. 
Head Office & Works: Treforest, Pontypridd, Glamorgan. 

Branches: Birmingham, Manchester, Glasgow, Stockholm, Copenhag 
Ballarat, Sydney, Johannesburg, Amsterdam, Milan and New York. 


4, MEMBER OF THE FIRTH CLEVELAND GROUP 
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urvival 


REMARKABLE FEATURES OF THE ELLIOT INFLATABLE DINGHY 


Here is the inside story of the most advanced 
aircraft life-saving dinghy yet produced. Here you 
can see the many refinements which add to safety, 
comfort and ability to withstand heavy seas. The 
Elliot Dinghy is based on the marine Life-raft 


Protection from exposure 


War experience proved the vital need of protection from 
exposure wherever men had to remain afloat for any length of 
time. The self erecting canopy provides protection against 
storms and extremes of temperature. In hot regions the 
apertures at each end allow a cooling breeze to blow through 
the dinghy. 

Tests by the Navy of the marine. Life-raft in the Arctic 
and Tropics have proved its worth in the most gruelling 
conditions. 


design, developed by the Royal Navy in collabo- 
ration with Messrs. Elliot Equipment Ltd. All are 
approved by the A.R.B. The 20-seat ‘Fulmar’ is, 
for example, being used in the ‘Beverley’ 
transport. 


Light unit shows position from air or sea. 


Four sizes of Elliot dinghies are now in production—the 
3-seat Petrel, the 6-seat Kittiwake, the 10-seat Siskin and 
the 20-seat Fulmar. When packed for stowage even the 
largest dinghy is compact and can be handled easily by 
two men. The cut-away illustration shown above is of 
the 10-seat Siskin type, but the others differ only 
in minor details. They all follow the same basic Elliot 
design with single main buoyancy tube, and self-erecting 
canopy. 


AID and ARB Approved 
For further information write to :— 


ELLIOT EQUIPMENT LTD., LLWYNYPIA, RHONDDA, SOUTH WALES 


ONE OF THE P. B. COW GROUP TEL: TONYPANDY 3232 


12 
Non-return valve seals 
arch from main buey- 
ancy chamber after 
tt is automatically erected by the : 
inflation of two arches. : 
en 
~ 
Bow and stere sections of 7 
the main buoyancy chamber \ 
other will still support the \ 
tull complement of men. \ 
| 
~ 
The main is inflated at « 
pressure of per sq. in. Deflation is 
therefore slow the event of « leak which can —~ fe 
easily be repaired. The single large diameter tube ee 
Boarding ladder to permit easy 
: entrance from the water. 
Water which can be retracted ! 


11 May 1956 FLIGHT 


INTO ANEW SPHERE .........- 


TURBINES 


13 
of iJ = 
D | SC S 
‘a 
or 
aa 
‘a 
i 


14 FLIGHT 11 May 1956 


Serving the World’s Aircraft 


An HML Test Rig at 
London Airport ona : 


HML Hydraulic Test Rigs, both mobile and static, have created a very considerable volume 
of interest. During the past twelve months Test Rigs have been supplied to the following: 


B.O.A.C. 
Royal Aircraft Establishment, Farnborough. 
De Havilland Propellers Ltd. 

Bristol Aeroplane Co. Ltd. 

G.E.C. 
Short Bros. & Harland Ltd. 


This is significant witness to the tremendous interest that HML Test Rigs have aroused. 
They will service a// types of aircraft and components and give absolute accuracy on pres- 
sures and flows. Pre-setting for any type of aircraft takes only 15 seconds, and they can 
be supplied with either diesel or electric power units. 


At the moment a large number of orders are in hand for both mobile and static rigs and 
other HML products. Aircraft manufacturers and operators are cordially invited to dis- 
cuss their problems with us. 


@20/4R8= (ENGINEERING) LTD. AIRCRAFT DIVISION 


% Mobile and Static Hydraulic Test Rigs for Aircraft and Components %& High Speed Gear Boxes 
% Hydraulic Equipment for Guided Missiles %& Hydraulic Power Units for all purposes 
Piston-type Accumulators 


466-490, EDGWARE ROAD, LONDON, W.2. TELEPHONE: PADDINGTON 0022 (12 lines) 
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AP and FORMALAIR 


From Yeovil, Normalair is supplying new components and spare 
parts of cabin pressure control, air conditioning and oxygen 
NORMALAIR (AUSTRALIA) Pry. Ltp, breathing equipment for British, American and French aircraft 
MELBOURNE used by the N.A.T.O. Air Forces. 
The overhaul, repair and testing of such equipment is being done 
NORMALAI 
eh a bs at the Normalair plants at Yeovil, London and Toronto. 


NORMALAIR Lrp YEOVIL ENGLAND 


DESIGNERS AND MANUFACTURERS OF AIRCRAFT CABIN ATMOSPHERE CONTROL SYSTEMS AND HIGH ALTITUDE 
BREATHING EQUIPMENT. 
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COMPRESSOR 


WORLD-FAMOUS 
BRITISH 
GAS TURBINE 
ENGINES 


AVON 
DERWENT 
GHOST 
GOBLIN 
NENE 
MAMBA 
OLYMPUS 
PROTEUS 
PYTHON 
SAPPHIRE 
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Heat Resiating Steels for the BRITISH AERO-ENGINE INDUETaY 
-CLAYTON FORGE LTD - LINCOLN - ENGLAND 
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“TITEBOND Adhesive ensures a safe bond 


Specification D.T.D. 900/4240 No. 22/23 
Specification D.T.D. 900/4114 No. 24 


Our Research Department is at your SERVICE. Send us 
your “Sticky” Problem and we will supply the solution 


ROLLS-ROYCE GRIFFON 57 ENGINED POWER PLANT-—as fitted in R.A.F. Shackleton Aircraft 


USERS OF INCLUDE 
ORGANIS- 


lications of Surridge’s 
nts Ltd. “TITEBOND” 22 


(1) Felt to Metal 
(2) Langite to Metai 
(3) Asbestos to Metai 


We are indebted to Messrs. Rolls-Royce Limited for the above illustrations. 
Write for your copy of our illustrated Catalogue, F.8. 


SURRIDGE’S PATENTSLTD. 
Beckenham ~ Kent Telephone: BECkenham 0168 
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€ 1} @ Short Brothers & Harland Led. 
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REFUELLING UNITS 


GIVE MAXIMUM EFFICIENCY IN THE MINIMUM OF TIME 


For overwing or pressure refuelling. Flow rates up to 600 g.p.m. Controlled line pressure. Fine~ 
particle filtration degree 2} microns. Line flow recorder. Patent overhead Boom Gear. Power 


operated Hose Reels. 


TROLLEYS fer Flushing, Replenishing, De-icing, Methanol, Coolant 
Generally of 100 Gallons capacity, the Zwicky 
Trolleys are complementary to their Aircraft 
Refuelling Units and the range covers all airport 
requirements such as Water Methanol, Oil System 
Flushing, Replenishing, De-icing and Fresh Water 
Services. To B.O.T. requirements if specified. 


SPECIALISTS IN EQUIPMENT FOR BULK STORAGE 


— 
eee 
> 
j >» ig 


A half-thought has been nagging, that in 
many ways I am doing better than I was, 
and treating myself better, yet I am letting a very few pennies stand 
between me and the enjoyment of a very much better cigarette. From now on 


what was an occasional treat becomes my regular smoke— 


4/2 For 20 
also in 10- 25° 50-100 
(including round 
air-tight tins of 50) 


BY APPOINTMENT 
HER MAJESTY Tet QUEER 
Stare Gepegss 
CICARETTE Many 
TOBACCO CO LTR 


OF STATE €XPRESS 210, PICCADILLY, LONDON, 
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What an achievement ! What a tribute 
to the British Aeroplane and the British 
Aero Engine. 


We are proud that we have made some 
small contribution to this success. 


We are proud of the fact that Messrs. 
Rolls-Royce Limited have enough confidence in our 


equipment to install it in their AVON ENGINE. 
* Subject to official confirmation 


RISTS WIRES & CABLES LTD 


LOWER MILEHOUSE LANE ~- NEWCASTLE - STAFFS 


Electro-upset Forgings for Aircraft 
and Aero Gas Turbines 


BEVERLEY WORKS 
BARNES S.W.13 


Telephone :- PROSPECT 2291 
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we shape the things to come 


experts in high class shape panel work 
Aircraft fabrications 
assemblies 


“THE BRITANNIA 


Manufacturers 
of the prototype 
main engine cowling 
and of the production 
line rear engine 
cowling. door 
assemblies, oil 
systems, and oil 
cooler mounting 


uy 


Abbey Panel & Sheet Metal Co. Ltd. 


OLD CHURCH ROAD Telephone Nos. 


Head Office : COVENTRY 89461 (3 lines) 


TH Aircraft Division : BEDWORTH 2321 


COVENTRY 
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Aerodynamic Simplicity 
EASY LANDING 
Exceptional Safety 

Great Range 

High Altitude Flight 

High Speed Flight 

Servicing Simplicity 
Fighter-like Manoeuvrability 
Large Carrying Capacity 
Great Development Potential 


A welcome feature of the Avro Vulcan is its ease 


and simplicity of landing. The landing attitude 


is normal and the Delta configuration offers excellent 


handling qualities at low speeds. This enables 


the pilot to select approach speeds over a wide 


range. Add to this powerful air brakes and the 
absence of trim changes from air brakes or 
undercarriage, and you have two more 
outstanding virtues of this, the world’s first 

4-jet Delta bomber—soon to enter service with the 


Royal Air Force. 


A.V. ROE & CO. LIMITED/MANCHESTER 


Sane” Member of the Hawker Siddéley Group 
Pioneer ...and World Leader in Aviation 
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Bewitched 
have not been able to put out of our minds a piece of paper shown to 
us a few days ago by el encdan dyeline drawing office print, quite 
different in appearance and content from the smoothly finish ed product 
of the publicity office, but far more telling in its effect. 

It was a copy of the latest Boeing inter-office memo, issued to ay depart- 
ment concerned with the 707 project, giving the flight-test and shop-work 
programme for the next six-month period. Against each item was marked the 
target date, ensuring that the systems engineering department (for example) 
would be in no doubt that “rudder balance panel investigation” is one of thirty- 
two items to be completed by May 14th, the day the aircraft into the hangar 
for “increased rudder gust-damping,” and other shop-work. August Ist, the 
same department observes, is the date for the “dynamic gust-load survey” to 
begin—together with twenty-one other specific tests. 

There was a stern sense of purpose about this piece of paper, with its revealing 
and intimate contents, and we reflected on the fact that ing are mastering 
flight-test problems now (and have been doing for nearly two years past) that 
their Douglas rivals cannot begin to tackle for at least another year. But no 
smirking complacency here: “Don’t worry—Douglas will be on schedule,” was 
the Boeing comment. 

Yet when we consider that both these American firms, strained as they are 
(Douglas perhaps even more than Boeing) to get their monster intercontinental 
jets out on time, are now offering junior medium-haul versions for good measure, 
we gasp with bewilderment. So do the airlines. For so particularly bewitching is 
the promise of something new from Douglas—in this case the 110,000 Ib, 600 
m.p.h. DC-9, with four 7,500lb-thrust J52s—that there is a headlong scamper 
for Santa Monica. The “baby 707,” in its Seattle nursery, is getting its fair share 
of attention also, as is Convair’s Skylark project, to whose challenge the two 
others rose. 

A listener at the keyhole of any medium-haul airline’s board-room door would 
be entertainingly diverted at the moment. “Then that settles it, gentlemen,” we 
imagine the chairman saying. “Our new equipment for the early sixties, which 
we must order without delay, will be either jet or turboprop, and will be chosen 
from among the following: Britannia 310, 707 Junior, Vanguard, Comet 4, 
Electra, DC-9, Viscount 840, Caravelle or Skylark . . .” 

Here, surely, is an opportunity for the British manufacturers to burst open the 
door and sell as they have never sold before. Having conceded the intercontinental 
market to the DC-8 and the 707, they have for sale a selection of medium-haul 
airliners which, unlike their paperware competitors, are founded on proven, 
tangible airliners, with—as this issue of Flight testifies—unbeatable engines to 
back them: the Comet 4, the shining fulfilment of seven years’ hard-won and 
irreplaceable jet experience; the Britannia 310, with money-earning capacity 
expressed in its every line, the full realization of the big turboprop formula soon 
to be applied with the Britannia 100; the Vanguard, the big-capacity turboprop 

iscount. 

It would not be for lack of suitability were these aircraft to be unsuccessful in 
grasping a really large share of the market. And because three of the four American 
manufacturers have chosen to worship at the turbojet shrine, let it not be thought 
that the scope of the turboprop is diminished. The turboprop’s grip on sector 
traffic, such as the Viscount has already secured, will not be loosened by jet 
competition. 

When, a few days ago, a certain airline was asked about a report that it was 
going to order a particular airliner, there came the cryptic reply: “Where there’s — 
smoke there’s fire.” There is a good deal of new medium-haul smoke around at 
the moment, but only in Britain is there some real fire to show for it, 
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IN THE SHOPS of the A.R.A. wind tunnel the Duke of Edinburgh, 
wearing the British Gliding Association tie, watches Mr. H. Warren 
turning an ogive nose on a centre lathe (see first news item). 


FROM ALL 
QUARTERS 


A.R.A. Tunnel Inaugurated 


PEAKING at the official opening of the Aircraft Research 
Association’s transonic wind tunnel at Bedford on Friday last, 
May 4th, the Duke of Edinburgh emphasized that the aircraft 
industry needed men of imagination as well as science and 
machinery, which alone could not solve all our problems. People 
were required, he said, who could see further than the end of their 
noses—and further than the end of the Ministry of Supply vote. 

By pressing a button, the Duke started up the 25,000 h.p. motor 
which drives the tunnel fan, and then watched on a closed-circuit 
television screen the behaviour of a tufted calibration model in 
the 9ft x 8ft working section, and the scene in the control room 
during a trial run up to supersonic speed. As mentioned in our 
full description of the installation in last week’s issue, the present 
Mach number range of the tunnel is from 0.6 to 1.3. 

Other speakers at the opening ceremony were Mr. H. 
Burroughes, chairman of the A.R.A. Council, Ae Mr. R. Hills, 
chief executive, who described the operation of the tunnel during 
the televised run. 


B-52 Production 


SENATE committee has been told by General Curtis LeMay, 

U.S. Strategic Air Command chief, that mechanical troubles 

are delaying delivery of B-52 intercontinental bombers, which cost 

about £2,850,000 apiece. After repeating his warning that Russia 

was out-producing the U.S.A. in long-range bombers, he said that 

78 B-52s had so far been delivered, but that only 47 had been 
accepted to date by the U.S.A.F. 

The General’s testimony was the first official public disclosure 
of production and delivery rates of the B-52. He said that most of 
these machines produced, but not accepted, during February, 
March and Apr f failed om acceptance because of a component 
defect, for which a solution had now been found. 


Electrical Shortcomings 

"THERE was some forthright criticism of the reliability of aircraft 
electrical equipment by speakers at the convention held last 

week by the Institution of Electrical Engineers. The symposium 

was devoted entirely to aircraft electrical installations, and 19 


papers were read. In an introductory talk, Mr. George Edwards, 
managing director of Vickers-Armstrongs (Aircraft), Ltd., said 
that in his experience the percentage of rejects after testing by 
the aircraft constructor was much too high; the overall rate was 
something like 25 per cent: “If we are going to produce better 
and more saleable aircraft,” he added, “you have got to produce 
better and more saleable equipment.” 

Mr. Reginald Maudling, the Minister of Supply, opening the 
convention, spoke of the encouragement given by the large increase 
in British exports of aircraft and equipment. 

We hope to give summaries of the papers in an early issue. 


Vickers Chairman Confident 


his review 1955, published last Monday, Sir Ronald Weeks, 
Vickers, Ltd., says that on the aircraft side of the 
business yr eal over the cancellation of the V.1000 is 
more than offset by the continued sales successes of the Viscount. 
The 810D and 840 announced in December, and the Vanguard, 
he states, together meet operators’ needs for stage lengths up to 
2,500 miles, and will be an answer to the competition from 
American turboprops scheduled for first delivery in the autumn of 
1958. “Such competition is inevitable,” adds Sir Ronald, “but it 
will be faced with the confidence that by mid-1958 Viscounts will 
have accumulated some one-and-a-half million flying hours’ of 
airline propeller-turbine operation.” 


The Bristol 192 
PRELIMINARY details of the Bristol 192 yee | may now 

be published. designed to meet a 
wide variety of Service requirements, and production-type 192s 
will be delivered to the Royal Air Force. 

The first production version will be powered by two vertical 
Alvis Leonides Major powerplants, each delivering some 850 
b.h.p. and driving inter-connected, four-blade rotors. This 
of 192 will cruise at 80 kt at the maximum weight of 17,200 


COMINGS AND GOINGS at Prestwick are increasingly frequent. On 
the left the Scottish Aviation Twin Pioneer prototype is “seeing off” 
the first three Pioneers for the new Aden squadron (news item, page 
555), and below are the pilots who collected the Pioneers—the com- 
manding officer, S/L. N. A. McKay, F/L. W. Lyle and M.Pit. J. Connon. 
The second Twin Pioneer should be in the air before long. 


= 
4 


11 May 1956 551 


Particular interest attaches to the curious landing gear, which 
consists of four distinct legs, those at the rear being very 
and resulting in the 192 adopting a nose-up attitude on the 
ground. There are no wings, but a very large and thick fin is 
fitted, together with a fixed tailplane with acute dihedral. 

It is evident that the 192 will be more capabie than any other 
helicopter of its size at present envisaged. In the ambulance 
réle a possible load will be 12 stretcher cases, three “sitting 
wounded” and an attendant; it will be able to pick up at least 
ten persons when ca on search/rescue duties and as a 
freight transport will carry a distributed load of 6,000 lb. On 
f long-range operations 18 fully armed pes will be accommo- 

dated; over short ranges, the 192 will be able t no fewer 
thon 25 of of 200 i> ench. all réles 
provision will be made for a crew of three. 


General arrangement of the Bristol 192 


The foregoing relates to the but 
the basic design has been planned for atin power 
final standard powerplant will comprise two Napier Gazelle 
free-turbine engines which will provide approximately double 
the power for less weight. With two Gazelles the cruising speed 
is expected to be fixed at the excellent figure of 120 kt at the 
increased maximum weight of 18,000 Ib. 

In the House of Commons last week the Minister of Supply 
was asked if he was yet able to make a further statement on the 
development of the two-engined helicopter. Mr. Maudling said 
that work was continuing on the Fairey Rotodyne and the Bristol 
173, and its military variant the 192. In the case of the Bristol 
helicopter the Ministry’s aim was to get a gas turbine version into 
service as soon as possible, and a production order was placed 
recently for the Gazelle engine. B.E.A. were showing an interest 
in the Type 173 and the Ministry had arranged to lend them one 
of the prototypes for experimental flying later this year. 


Making Work Lighter 

ON. Wednesday last, ng pee 9th, the Mechanical Handling Exhibi- 
tion at Earls Court don, was due to be opened by Sir 

Miles Thomas. It remains open, Sunday excepted, until May 19th. 

There are over 250 exhibitors, and much of their equipment can 

be seen working. A detailed guide to the exhibits is available in 

the Exhibition Preview Number of Mechanical Handling. 

The first exhibition, in 1948, occupied 55,000 sq ft of floor space; 
this year it covers nearly half-a-million square feet. Buyers are 
known to be coming from more than 50 countries. The accom- 
panying convention is of an international nature, and s 
from all over the world are discussing the latest labour-aiding 
equipment and its application to their own industries. 

a 10 a.m. to 6 p.m. Public admis- 
sion is 2s 


S.K.1. Mishap 

MINOR take-off accident at — on Saturday last, May 

Sth, prevented Nat Somers in the Somers-Kendall S.K.1 
Palas-powered racing aircraft from attempting the 100 km closed- 
circuit speed record in F.A.I. class C.1b, group 1 (jet-powered 
aeroplanes of 500-1,000 kg gross weight). After a flight Bnew 
which difficulty had been experienced in keeping the “ou 
undercarriage legs retracted at speeds over 200 m. p-h., ry = wing- 
tip fairings over these legs were removed. On the take-off for a 

second attempt, the wheels were retracted immediately after the 

machine had left the runway, but the nose dropped and the S.K.1 
made a belly landing on the aerodrome. 

Somers was unhurt, and only minor damage was done to the 
aircraft, which was taxied back from the runway only ten minutes 
after the accident and flown back to Woodley on Monday last. 
Modifications are now being made prior to the racing début of the 
S.K.1 at Yeadon on Whit-Monday, May 21st. f 


TRANS-ANTARCTIC visitors to Rearsby recently were S/L. John Lewis, 
R.A.F. pilot attached to the recent expedition, and F/Sgt. Peter Weston. 
Mr. E. R. Worrall, Auster publicity manager, is discussing the cold- 
weather performance of the Auster Mk. 7, two of which, carried by 
the expedition ship “Theron,” completed 50 hours of flying. 


R.Ae.S. Medals and Awards 


ON Thursday next, May 17th, the 44th Wilbur Wright Lecture 
is to be delivered at the Royal Institution, London; the lec- 
turer is Sir William S. Farren, technical director of A. V. Roe 
and Co., Ltd., and his subject will be “The Aerodynamic Art.” 

As is customary on the occasion of this lecture, the Royal Aero- 
nautical Society’s medals will be presented. The Society’s Gold 
Medal, as will be seen from the list below, is this year being 
awarded to the lecturer himself—‘“for his outstanding contribu- 
tions to aeronautical research and development.” The list is: — 

The Society’s Gold Medal (the highest honour which the Society can 
confer, for work of an outstanding nature in aeronautics).—Sir William 
Farren, for his outstanding contributions to aeronautical research and 
development. The Society’s Silver Medal (for work of an outstanding 
nature in ns ‘+ E. S. Moult, for his contributions to aero- 
— engineering (in particular, in the design of aircraft engines). 

re See Bronze Medal (for work leading to an advance in aero- 
nautics) — ‘ton ts Barnes, for his contributions in the field of aircraft 
instruments. akefield Gold Medal (for the designer or inventor 
of any apparatus tending towards safety in flying).—G/C. W. K. Stewart, 
for his contributions in the development of acro-medical equipment. 
British Gold Medal.—Posthumously to Mr. Joseph Smith, for his out- 
standing practical achievements in the design and deve ent of mili- 
tary aircraft. British Silver Medal.—Mr. J. Fenwick, for his contri- 
 £ to the development of air traffic control systems. y rnd Taylor 
(of Australia) Gold Medal (for the most valuable paper on aircraft design, 
manufacture or operation).—Mr. R. H. Woodall, for his paper Some 
Trends in the Development of Aircraft Electrical and Starting Systems. 
Gold Medal (for the most valuable paper on any subject allied 
to aeronautics).—Mr. K. V. Diprose, for his paper Analogue Computing 
in Aeronautics. 

The Society has also announced the award of two Honorary 
Fellowships—to Sir Roy H. Dobson, Avro managing director, 
and Dr. Hugh L. gg of America’ s National Advisory 
Committee for Aeronautics. I . Dryden delivered the 37th 
Wilbur Wright Lecture in 

At the Annual General Mecting of the Society held yesterday, 
May 10th, presentations were due to be made of the Society’s 
awards (these are distinct from the medals). Recipients were : — 

R. P. Alston Memorial Prize (for practical achievement associated 
with the flight-testing of aircraft).—Mr. D. P. Davies, for his practical 
achievement in the testing of civil prototypes. Edward Busk Memorial 
Prize (for the most valuable paper on applied aerodynamics).—Mr. L. E. 
Fraenkel, for his paper On the Unsteady Motion of a Slender Body 
through a Compressible Fluid. Herbert Akroyd Stuart Memorial Prize 
(for the most valuable contribution on applied thermodynamics).— 
Mr. O.N. Lawrence, for his paper Fuel Systems for Gas Turbine Engines. 
Usborne Memorial Prize (for a best technical contribution by a 
graduate or student).—Dr. G. Lance, for his paper The Lift of 
Twisted and Cambered Wings in , Bane Flow. Orville Wright Prize 
(for = oa valuable contribution to the Aeronautical terly).— 
Mr. K. W. Gunn, for his paper Effect of Yielding on the Fatigue Pro- 
perties o Test Pieces Containing Stress Concentrations. Branch Prize 
(for the tt paper read before the branches of the Society).—Mr. W. 
Tye, for his paper The Outlook on Airframe Fatigue (Second Barnwell 

Memorial Lecture). Royal Aeronautical Society Navigation Prize (for 
the best paper on navigation).—Mr. John Grierson, for his paper The 
Evolution of Arctic Airways. Pilcher ———— Prize (for the most valu- 
able paper by a graduate or student).—Mr. H. Caplan, for his paper 
The Investigation of Aircraft Accidents and Incidents. 


New Orenda Test Facilities 


A BIG expansion of its engine-test facilities has been seme 
by Orenda Engines, Ltd. When the new programme i 

completed—the end of this year is the target date for the bulk 
of the work—the company will be able to conduct 90 per cent 
of all test and development duties necessary for Orenda Engines, 
instead of having to “farm out” a considerable proportion as has 
been the case in the past. To cost a total of over $74m (about 
£2,678,500), the new facilities are being established at the 
Malton, Ontario, plant and at Nobel, near Parry Sound, Ontario. 
At Malton there will be six development test cells, with pro- 
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vision for expansion to eight; a high-altitude test house; an aero- 
dynamic unit, with a wind tunnel for testing blade acrofoil 
sections; and a combustion test and development department. 

At Nobel it is planned to construct what is described as “a 
test facility for developing afterburner mechanical designs”; and 
a cell specifically for research into internal blade-cooling. Other 
works will include office and storage buildings, an extensive road- 
construction scheme, a two-million-gallon water reservoir, a 
350,000-gallon fuel tank, and a step-down transformer station to 
provide energy equivalent to 25,000 h.p. 

The new Malton buildings will have some 160,000 ft of 
floor apelin 173 acres of land; at Nobel, about 20,000ft 
of floor space will made available. 


Rolls-Royce Turboprops 


A PAPER due to be read on May 3rd before the Canadian 
Aetonautical Institute by Mr. D. P. Huddie, chief develop- 
ment engineer, civil engines, contains much new information 
on Rolls-Royce engine development. 

We hope to summarize the paper in an early issue; mean- 
while, the following are some of the new items, which may be 
regarded as a postscript to the information given in pages 575- 
578 of this special “Engines” issue: the Tyne turboprop was de- 
signed for a pressure ratio of 12:1 (since raised to the value 
given on p. 577) and has already completed a 150-hour test to 
type-schedule at the design flame temperature; the Tyne h-p. 
compressor is a direct scale of that of the Conway; the Tyne 
l-p. compressor is also scaled (at a different ratio) from the co 
“spool” of the Conway, and the three-stage turbine is based on 
the turbines of the latest Darts; turbine-blade cooling has been 
used in all Conways and is “just about to be incorporated” into 
production Avons; Rolls-Royce have run some 5,200 engine- 
hours with cooled turbines; the Dart RDa.8 performance (see 
the accompanying chart) is based on rig testing which has already 
been completed; the average number of unscheduled Dart 
engine removals for all operators during 1955 was 0.182 per 
thousand hours; and the new skin-cooled Dart flame-tube 
should be good for between 1,500 and 2,000 service hours with- 
out attention. 


Germany’s New Arm 


I; is reported from Germany that the Federal Ministry of 
Defence has drawn up the aircraft equipment programme for 
the new German air force; the sum of DM. 500m (over £4i14m) 
is to be granted for a start. Altogether the armed forces will 
ultimately have more than 2,000 aircraft, of which 1,250 will be 
front-line types. The air force is to have a total of 20 squadrons, 


FOUR 6,000 h.p. TURBOPROPS lifted the Douglas C-133A into the air for the first time at the end of last month. Already fully described in 
several recent issues, the big prototype was flown for a 100-minute check-out by J. C. Armstrong, test pilot to Douglas, Long Beach. 
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GOOD TURBOPROSPECTS: Referred to in an accompanying news- 
item, Rolls-Royce turboprops are now firmly established as the most i 
“experienced” commercial gas turbines in the world. This diagram ‘ 
outlines some future developments, and reveals many new ratings. 


comprising four fighter units, eight fighter/bomber squadrons, 
three reconnaissance, three all-weather fighter squadrons, and 
two transport. 

All units, except the two transport squadrons, will be ~ ape] 
with jet aircraft. Fighters are likely to be F-86Fs, F-86Ks 
F-84Fs. The French Noratlas is to be used by the transport 
squadrons. 

Since the aircraft industry in the Federal Republic is being 
rebuilt from scratch, it is at first intended to manufacture only 
small trainers and to construct certain foreign types under 
licence. The Ministry of Defence has placed a first order with 
Dornierwerke for 428 army reconnaissance aircraft of the Do27 
type, as developed by Dornier in Spain. 

Orders for construction under licence—the types selected are 
not defined—are to be placed with Flugzeugbau Nord, Focke- 
Wulf, Messerschmitt and Heinkel. These orders will provide 
between 300 and 500 aircraft. 

The efforts of the Defence Ministry are directed towards the 
selection of aircraft standardized as far as possible in order to 
facilitate spares provisioning. 


= 
C DART ) CTYNED 
CRUISE 500 | 70 25,990 
CRUISE 
T.E.HP. as 1840 25000 
| 
% 


11 May 1956 


FIREFLASH 
CLOSE-UPS 


New Pictures of Britain’s First Air-to-air Guided Weapon 


The Meteor N.F.11 has presumably been used 
for firing trials. The neat wing-tip rack is 
clearly seen, and there is a large camera (?) 
on the starboard wing—from which, one con- 
cludes, a Fireflash has already been fired. 
Principal members of the team (I. to r.):— 
Front row: H. Surtees, M.Sc., S-Se.(Ene.), (chief 


of weapon design and development), 
C.H Smith, D.S.C., A.F.R.Ae.S. (execu- 
tive ‘director, weapon division 
B.Se.(Eng.), F.R.Ae.S. (general manager, 
weapons ©. Mathews, D.S.O., D.F.C. ond Ber 
(chiet weapon ‘division). 
Pp 


Middle mnet (s superintenden. ), 
H. Hurley, Grad iLM.E. (head of ond test), 

“ A. 3. T. lealey (manager, servicing) J. Duncton, 
B.Sc., A.R.CS., D. L.C., F. inst, (chief 
technician), . Thomas, 8 “control 
. Clayton, . (works man- 
ager), W. Patrick, A. E.E. (head of guidance 


and control). 

Rear row: R. C. Floud, AM Mech. deputy head 
of trials capt). . A. Warne ( ton 
engineer), W. du C. Bowron, ose. (electrical 
engineering, guidance Chapman 
deputy head of airframe and Stadion dept. ot), 

Martin (head of airframe and prpuiese dept.), 

W. Reeve (head of trials dept. yas Rk. George. 
“BSc ACCT. DLC. 

(Eng. 
department). 


HAILED 2s the first guided missile to go into luction for 
the R.A.F., the air-to-air weapon known as Fireflash is the 
wee of the Fairey Aviation Company’s Weapon Division at 

eston, Middlesex. We are now permitted to reproduce these 
pictures, which are taken from a ciné film. 

The fearsome Fireflash is seen to consist of a finely-shaped 
“dart” carrying a warhead, guidance system and cruciform wings 
and control surfaces, the latter being mounted at 45 deg to the 
wings. To the front is attached the propulsion machinery, in the 
form of two rocket motors of impressive size. These evidently 
accelerate the missile to high-supersonic speed in a matter of 
perhaps three or four seconds, thereafter blowing clear and leav- 
ing the dart to “coast”—if that is a suitable term for supersonic 
free-flight—to its target. Details of the guidance system are 
naturally withheld, but Fireflash has been described abroad as a 

beam-rider, i.e., a missile which flies along a beam emanating 
from the launching aircraft. 
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BENEFICIAL KINK: This first air-to-air pic- 
ture of the production version of the Avro 
Vulcan, with the modified—“kinked”—lead- 
ing edge, shows also certain changes in the 
tail structure. The revised wing-form will 
enable the Vulcan “to take full advantage of 
the more powerful engines soon to be fitted.” 


U.S. Export Total 


AMERICAN aircraft exports during 
February were valued at $75 039,000 
(nearly £27m). Military types accounted 
for about five-sixths of the total. 


N.P.L. on View 

ON Friday, May 25th, the National Physi- 
cal Laboratory at Teddington, Middlesex, 
is holding an open day. Admission is by 
ticket only, and a limited number of invita- 
tions for the afternoon period are, at the 
time of going to press, still available on 
application to the director. 


Hendon History 

AN exhibition, entitled Flying at Hendon, 
and dealing with the historic London Aero- 
drome, is now being held at Church Farm 
House Museum, urch End, Hendon, 
London, N.W.4. It will remain open until 
September. Hours of opening are: week- 
days (except Tuesday) 10 a.m.-12.30 p.m. 
and 2 p.m.-6 p.m.; Tuesday, 10 a.m.-1 p.m.; 
Sunday, 2.30 p.m.-6 p.m. Admission is free. 


Guild Hosts at Westminster 


THE Master, Wardens and Court of the 
Guild of Air Pilots and Air Navigators 
entertained members of both Houses of 
Parliament in the House of Commons on 
Wednesday of last week. Those present 
included the Minister of Transport and 
Civil Aviation, Mr. Harold Watkinson, his 
Parliamentary Secretary, Mr. J. Pro- 
fumo, and approximately 90 Members of 
the Lords and Commons. 


Aerobee Fizzles Out 

THE test firing of the first production 
model of the Aerobee rocket—intended for 
high altitude research during the Inter- 
national Geophysical Year—ended in 
failure. The U.S. Navy specialists at 
White Sands were expecting an altitude of 
185 miles; instead, the main motor failed 
to take over from the boosters, and the 
rocket fell back to earth from 10,000ft. 
More than 172 Aerobee prototypes have 
been fired; 114 miles has been the highest 
altitude so far attained. 


AUTOROTATIVE LANDINGS of a Westland Whirlwind by the light 
of flares released from the aircraft itself were recently demonstrated 
at Yeovil by Lt-Cdr. Roy Bradley (see last week's issue, page 518). 
This “Flight” photograph was taken during the tests, which are hoped and development; 
to lead to approval for night flying. 


HERE anno THERE 


Aircraft Golf 


THE Aircraft Golfing Society recently held 
the first of this season’s matches against the 
aircraft constructors. An eight-a-side match 
against Short Bros. and Harland, Ltd., at 
Royal Portrush Golf Club, resulted in a 
win for the A.G.S. by 54 matches to 24. 


WEYBRIDGE WINGS: This is 
how the old-established Vickers- 
Armstrongs monogram has now 
been brought up to date for 
Vickers-Armstrongs (Aircraft), 


Ltd. — by Arthur Gibson, 
L.S.1.A., the industrial designer. 


All the Fun of the Air 

TWO Whit-Monday air displays, notified 
to us since this week’s “Forthcoming 
Events” closed for press, are the Royal Air 
Forces Association display at Hucknall, 
Notts, and the S.S.A.F.A. display at Speke, 
Liverpool. At Hucknall, the programme 
will include aerobatics by No. 43 Squad- 
ron’s Hunter team and also by the U.S.A.F. 
Skyblazers. At Speke, Leo Valentin, the 
French “birdman,” will perform a glide 
from 9,000ft; the French Minijet is to 


appear; the Skyblazers will be in the pro- 
gramme; and there will be a novel feature 
in the form of a parachutists’ race, in which 
the two competitors will make delayed 
drops from the same aircraft and endeavour 
to make a spot-landing on the airfield. 


For the Motorist 

TODAY ’S issue of The Autocar is a special 
number devoted to British Cars and Acces- 
sories. There will be descriptive notes on 
the current range of British cars, with in- 
formation that will help the intending buyer 
to select his vehicle. Among supporting 
features are an article on the production 
and testing of the Land-Rover, a road test 
of the Mk. 7 Jaguar with automatic gear- 
box, amd a report of last Saturday’s 
Silverstone meeting. 


Paris Lecture on Woomera 


ON Thursday, June 7th, Se. Sir John 
Evetts is to lecture in Paris under the 
auspices of the Francaise des 
Ingénieurs et Techniciens de 1l’Aéro- 
nautique. His subject will be Woomera, 
and he will deal with the planning, organ- 
ization and potential of guided-weapon 
development at the Australian centre. Gen. 
Evetts, who is now managing director of 
Rotol, Ltd., and British Messier, Ltd., had 
much to do with the joint U.K.-Australian 
development and testing of guided 
weapons. 


STELLAR LUMINARIES: The Lockheed team behind the Starfighter. 
L. to r., R. L. Thoren, chief, engineering flight test; Herman R. “Fish” 
Salmon, test pilot; Clarence L. Johnson, vice-president for research 
James Hong, chief, aerodynamics division; and 
William P. Ralston, project engineer. 
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HIGH THRUST - LIGHT WEIGHT 
LOW CONSUMPTION 


ROLLS-ROYCE 
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BY-PASS JET ENGINE 
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> aircraft. The models tested 
— = at these advanced laboratories, 
5% averaging 3 feet semi-span 
Senn dimensions, must conform to 
<= : ultra-operational standards, 
placing great responsibility on 
; men, machines and materials. 


MEMBER OF THE WAKEFIELD CASTROL GROUP OF COMPANIES 
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AIRCRAFT 
RESEARCH 
ASSOCIATION 
LIMITED 


The way the wind blows in the 

wind tunnels of the Aircraft 

i Research Association at Bedford 
BO reveals valuable data which points 

a the way to future design—of both 

complete aircraft or sections of 


Throughout this works, Wakefield- 
Dick production oils and lubricants 
are found—giving the same 

high service to the Aircraft 
Research Association technicians 
that the aircraft and engineering 
industries have experienced for 
very many years. 


WAKEFIELD-DICK 
INDUSTRIAL OILS LTD. 


67, GROSVENOR STREET. 
LONDON, W.I. 


11 May 1956 
Se, 
ite 
= 
the 
win 
blows 
at the 
| 
A 


FLIGHT, 11 May 1956 


SERVICE AVIATION 


Royal Air Force and Fleet Air Arm 


R.A.F. Promotions 


TH Air Ministry announces that, with 
effect from May Ist, the following 
officers have been promoted to the rank 
of air marshal: Acting Air Marshal G. E. 
Nicholetts, A.O.C. Malta; A. V-M. T. N. 
McEvoy, Chief of Staff, AA.F.C.E.; 
Acting Air Marshal R. L. R. Atcherley, 
A.O.C-in-C. Flying Le Command; 


and Acti Air Marshal R. B. Jordan, 
A.O.C-in-C. Maintenance 
Freedom of Maidstone 


"THE Town Council of Maidstone, Kent, 
has decided to confer the honorary 
freedom of the Borough on No. = 
(County of Kent) Sqn., R.Aux.A.F., 

a token of its admiration for the eatient 
services rendered to the defence of the 
country during the past 25 years, especially 
during the 1939-1945 war.” 


Jungle Rescue Team 


Nov completing its training at R.A.F. 
Changi, Singapore, is a R.A.F. jungle 
rescue team composed of six parachutists, 
all volunteers, including three 
instructors and two medical orderlies led 
by S/L. G. Podevin, Command physical 
fitness officer at H.Q. F.E.A.F. The team 
will be able to give assistance in Malaya, 
Borneo and Sarawak by parachuting into 
the jungle and blasting helicopter landing 
sites for rescue of survivors. 


More Pioneer Squadrons 


WO new R.A-F. units equipped with 

Scottish Aviation Pioneers are to be 
formed in the near future. One of them 
will be based at Dishforth, Yorks, and the 
other at Aden, and both will give support 
to the Army Strategic Reserve. The unit 
at Aden will probably be equipped later 
with the larger Twin Pioneer. Both 
units are now to begin working-up exer- 
cises; in England the task will be mainly 
training and reinforcement carried out in 
co-operation with the 24th Independent 
Infantry Brigade at Barnard Castle. A 
squadron of Pioneers has been in service 
in Malaya for some time and has given 
excellent service. Aircraft of the Pioneer 
type can do the same work as helicopters 


in almost every case where vertical take-off 
is not absolutely necessary and the Pioneers 
themselves can of course be transported to 
an operational base inside larger aircraft 
such as the Blackburn Beverley. 


R.A.A.F, Canberras Visiting U.S.A. 


FORCE of R.A.A.F. Canberras was 

to leave Amberley last Saturday to fly 
to the U.S.A. via Townsville, Kwajalein 
and Honolulu. They were due to reach 
Washington in time for the annual cele- 
bration of U.S. Armed Forces’ Day today. 
The — was made at the personal 
invitation of Gen. N. Twining, U.S.A.F. 
Chief of Staff. 


Increased Scholarships 


RANTS made by both the Navy and 

R.A.F. to assist parents in keeping 
children over 16 at school until they 
become eligible and qualified to enter 
either the Royal Naval College, Dart- 
mouth, or the R.A.F. College, Cranwell, 
are being increased. All scholarships will 
cover total school fees up to an annual 
maximum of £100, and extra maintenance 
grants will be ‘made if parents’ or 
guardians’ incomes are less than £1,700. 


Fighting Cocks’ 40th Birthday 
SOME 130 past and present members of 
No. 43 Sqn., “the Fighting Cocks,” 
attended the unit’s 40th birthday party in 
London recently. The president of the 
squadron association, Lord Douglas of 
Kirtleside—who, as Maj. Sholto Douglas, 
took the squadron to France in 1917—was 
unfortunately, unable to attend; most of 
those present were from the inter-war and 

World War 2 years. 

The health of the squadron was pro- 
by G/C. F. E. Rosier, an ex-mem- 
now at H.Q. Fighter Command. He 
recalled that Marshal Bulganin and Mr. 
Khrushchev had said that No. 43’s aero- 
batic display at Marham had been the 
finest — of flying they had ever seen. 
Such skill implied general flying efficiency. 
Maj. Ray Roberts, U.S.A.F., the Present 
ding Officer, spoke of his “pride 
and humility” in commanding a unit with 
such a record and traditions. Present 
members would strive to maintain the 


News 


standards set in the past. S/L. R. Lelong, 
Maj. Roberts’ predecessor, thanked Mr. 
J. Beedle for organizing the function, and 
the party ended with a stirring rendering 
of the squadron song, “The Fighting 
43rd,” with its nostalgic allusions to the 
old days at Tangmere. 


U.S.A.F. Helps R.A.F. Church 


FPuNDs are to be raised by U.S.A.F. 
units in this country 4 help with the 
reconstruction of the AF church, 
St. Clement Danes in ron It is 
hoped to raise sufficient to cover the cost of 
the organ, which would then bear a 
dedicatory plaque. A roll of honour of all 
the U.S. officers and airmen who lost their 
lives while serving in this country would 
be associated. 


R.A.F. Art Exhibition 


AN exhibition of oil paintings and pastel 
drawings by Pamela Drew, who in 
rivate life is Lady Rathdonnell of 
isvanagh, is to be opened on June 8th 
at the Imperial Institute Gallery, London, 
by Air Chief Marshal Sir Dermot Boyle, 
Chief of the Air Staff. 

All the pictures were painted or initially 
sketched while Miss Drew was on a tour 
of Service units in Cyprus, Jordan, Iraq, 
the Canal Zone, Aden, British Somaliland 
and Kenya last year. 


o. 895 Sqn. History 
DEtats are being sought of the his- 

tory and work of No. 895 n., 
F.A.A., which has just been reformed at 
R.N.A.S. Brawdy, Haverfordwest, South 
Wales. The unit was last commissioned 
during the latter years of World War 2. 
Material should be addressed to the squad- 
ron’s Staff Officer and will be returned if 
requested. 


Reunion 


‘THE eleven*h annual reunion of the H.Q. 
Bomber ‘ ‘mmand Association of 
Officers is to »e held at H.Q. Bomber 
Command, R.A.F. High Wycombe, Bucks, 
on May 26th. Details from the hon. secre- 
tary of the Association at H.Q. Bomber 
Command. 


Successful completion of deck trials with H.M.S. “Ark Royal” last month marks the end of a significant stage in the development of the 
Supermorine N.113. This fine new picture shows the aircraft, with “everything down and out,” on the point of landing on the angled deck. 
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CIVIL AVIATION 


B.O.A.C.’s NEW CAPTAINS 


HORTLY after he had assumed office as B.O.A.C.’s chair- 

man on May Ist, Mr. Gerard d’Erlanger told a Press con- 
ference how the Corporation’s future affairs are to be managed. 
He defined his own terms of reference, the duties of his deputy, 
Sir George Cribbett, and those of the new managing director, 
Mr. Basil Smallpeice. 

These definitions made it clear that, over B.O.A.C. and its 
minute-to-minute affairs, the man in charge is Mr. Smallpeice. 
So far as the Government, the country and the long-term affairs 
of the Corporation are concerned, the man responsible is Sir 
George Cribbett—who brings to B.O.A.C. a firm grasp of the 
intricacies of international airline commerce. In the left-hand 
seat, as it were, sits Mr. d’Erlanger, neither full-time nor execu- 
tive, but in whom ultimate responsibility to the Government 
and the country rests. To a suggestion that his duties were 
rather “nebulous”, Mr. d’Erlanger replied that they were in- 
tended to be. “I regard myself not as a chairman on part-time 
duties, but rather as chairman of the board, free of executive 
responsibilities which have been allocated in accordance with 
the board’s decisions. I will, of course, devote as much time as 
may be necessary to the conduct of the Corporation’s affairs.” 

e first meeting of the committee to decide the Corporation’s 
future equipment policy was held this week (“My number one 
job,” Mr. d’Erlanger said, “is to review equipment require- 
ments.”) This important council, whose decision will probably 
be known in about a month’s time, is composed, in addition to the 
chairman, deputy chairman and managing director, of the fol- 
lowing: Sir Victor Tait, rations director; Mr. Keith Gran- 
ville, sales director; Mr. A. C. Campbell Orde, operations develop- 
ment director; Mr. C. Abell, chief engineer; and Captain T. W. 
Farnsworth, a senior captain. Capt. Tony Spooner of B.O.A.C. 
recently evaluated the Boeing 707 prototype at Seattle. 


MR. MILWARD MOVES UP 
‘THE post of B.E.A.’s chief executive, held by Lord Douglas 
since Mr. Peter Masefield left last October, was taken over 
on May 3rd by Mr. Anthony H. Milward, formerly B.E.A.’s 
deputy chief executive. His duties will be comparable with those 
of Mr. Basil Smallpeice of B.O.A.C. (see above), and it might 
well be that the title chief executive will be dropped—as it just 
has been at B.O.A.C.—in favour of managing director. 
Mr. Milward joined B.E.A. as general services manager in 1946. 
He was promoted a few months later to be manager, continental 
division, later becoming in turn manager of con- 


general 
tinental services, director of movements, controller of operations 
and—in March last—deputy chief executive. 
Mr. Milward is an experienced pilot (2,000 hours) and served 
in the Fleet Air Arm in the 


last war as a lieutenant commander. 


‘TH current rumours about the aircraft Captial Airlines are go- 
ing to order next are remarked upon by the U.S. airline as 
follows: “We are still surveying the entire field and have made 


no decision whatsoever. 


The second S.E. Caravelle flew on May 6th. Air France have 
12 on order. ‘ 


PanAm’s annual report discloses that its share of the North 
Adantic traffic increased from 29 to 33 per cent during 1955. 

Alitalia has started a new service between Rome and Johannes- 
burg by way of Athens, Khartoum and Nairobi. 


Business transacted a the L.A.T.A. Clearing House at 
London increased by a 27 per cent in 1955. 

“A er < simulation greater than heretofore available” is 
claimed by Douglas for the new DC-8 simulator now being built 
by Link Aviation. 

About £24 millions’ worth of Lockheed airliners were sold in 
1955, representing 55 Super Constellations, about half of which 
were for export. 

The Smiths Flight Director will be fitted to C.P.A.L.’s 
Britannias; the Canadian airline is the first North American 
operator to specify the — It has so far been ordered by 


B.O.A.C., B.E.A. and El 


BREVITIES 
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First day in the 
office: Mr. Gerard 
(left), 
B.O.A.C.'s new chair- 
man, and Sir George 
Cribbett, his deputy, 
pictured at B.O.A.C.’s 
London Airport head- 
quarters on May Ist. 


THE VANGUARD'S TAKE-OFF 


T= Vanguard in its long-range réle can operate from a 

2,000-yd runway, not 3,000-yd as inadvertently stated in last 
week’s issue. A 2,000-yd runway is adequate for use in standard 
atmosphere conditions at the maximum take-off weight of 
135,000 Ib, enabling the aircraft to carry its design maximum 
payload of 21,000 Ib for a still-air range of 3,150 st. miles— 
without reserves, but including a five per cent overall route 
reserve. As pointed out last week this represents a stage-length 
of 2,600 st. miles with fuel allowances for an hour’s holding at 
5,000ft, a 230-mile diversion, and the five per cent route reserve. 


HISTORY IN THE MAKING? 


OR a time now North American Airlines have been press- 

ing the U.S. government for permission to operate cut- 
price transatlantic flights. Other airlines have referred to this as 
a “publicity stunt”, and the C.A.B. told North American last 
December that they would have to get European traffic rights 
first. The airline now says that an agreement with Luxembourg 
has been made. Significantly, both PanAm and T.W.A. have 
now applied for permission to operate third-class transatlantic 
tourist fares, and it looks as though the events of 1952—when 
the historic traffic-tapping coach fares were first introduced by 
PanAm—are about to be repeated. 

record, the fares for which three 
are ing ission (there is no doubt that North American, 
although > a “small-time non-sked”, means business) are as 
follows: North American, £143; PanAm, £152 17s; T.W.A., 
£125. All these fares would be about 20 per cent cheaper than 
present tourist fares. As far as PanAm and T.W.A. are con- 
cerned, approval from I.A.T.A. will first have to be obtained. 


Japan Air Lines have just ordered four Douglas DC-7Cs, 112 
of which have now been sold. 
* 
Air-India International is likely to order four DC-8s for 
delivery in early 1960. 
A pleasant way of spending a summer’s afternoon is offered 
the fine new public gardens and terraces at London Ai 
tral, opened on May Ist. 
* 


American Airlines, it is reported, in 1955 became the first air- 
line in the world to carry more than seven million passengers 
in one year. 


Australia’s three representatives on the board of T.E.A.L. for 
the next three years will be Sir Hudson Fysh, chairman of 
Qantas; Sir Richard Williams, Australia’s former D.G.C.A.; and 
Mr. William C. Taylor, vice-chairman of Qantas. 


Joint operation by airlines is one of the recom- 
mendations made by representatives of six nations deliberating 
Eur industrial affairs under the chairmanship of M. Spaak, 
the ian Foreign Minister. 

As forecast in Flight for February 24th, the new salary scale 

for B.O.A.C. pilots been a . It differs from the old 


one mainly in that it varies with the type of aircraft flown. 
Senior captains’ salaries will vary from £2,926 (York) to £3,160 
(Britannia)—trises of more than 20 per cent. 


ARMSTRONG 


SIDDELEY 


Luck 
is 
no 


ally... 


We do not like good luck. In fact, 
we take considerable care that 

it plays no part in the evolution of our 
aircraft engines. Orly by testing, 
re-testing and testing again, only by 
total elimination of the chance 
factor has the success been assured 
of such engines as the Viper 
turbojet, power plant of Britain’s 
first basic jet trainer. 

And only by applying the 

same relentlessly methodical 
approach to the further development 
of these proven types.can 

their great potentialities be 

fully realised to advance 

Britain’s progress in the air. 


AERO ENGINES 


ARMSTRONG SIDDELEY, COVENTRY & BROCKWORTH 


Members of the Hawker Siddeley Group 
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We make the 


honeycomb 


too! 


Le 


Besides making ‘ Redux’ film 4 
for bonding metal skins to alumimum 
honeycomb cores, we now produce 
honeycomb itself—so providing the 
essential components for the 
modern “ sandwich” construction. 
Honeycomb can be used for structures of constant or tapering thickness 
and for shapes involving single or double curvatures. Aero Research 
honeycomb is supplied in cell sizes of §, } and ¥ in. inscribed circle, each 
available in wall thicknesses of .001, .002 and .003 in. It is made in 
a range of different depths. 
Our seventeen years’ experience of honeycomb structures is at the 
disposal of designers and production engineers. Honeycomb information 
sheets will be sent gladly on request. 


HONEYCOMB CORE 


Aero Research Limited 4 cite company, Duxford, Cambridge. Sawsten 187 


AP. 264-210 
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SWAYTHLING. SOUTHAMPTON. 
HEAD OFFICE: DAGENHAM, ESSEX 


Specialists in Gas Turbine Combustion Components 
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FROM A PAINTING BY CUNEO 


PORTRAIT OF AN IMPORTANT CUSTOMER 


This is a painting of a Rolls-Royce Avon engine 
being tested at Rolls-Royce works at Derby. 
It shows one of the most astonishing pieces 
of machinery in the world— 
a unit, which in its latest form, for all its compactness 
develops over 10,000 Ib. thrust. 
Shell and BP Aviation Service 
congratulate Rolls-Royce on their development of the Avon, 
and as suppliers of fuels and lubricants they are proud 
to have been associated with this development. 
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The Supersonic 


TOMORROW'S PROBLEMS—AND SOME SOLUTIONS 


'WELVE years have now passed since the aircraft gas turbine 

first reached the operational stage with the British and 

German air forces. During this period the turbojet has 
completely dominated the whole field of military aircraft propul- 
sion, and the impact which it has made on aircraft design cannot 
be exaggerated. 

Little purpose could be served by attempting to outline the 
progress made over the past dozen years in the design of military 
aircraft and engines. Although this is one of the world’s greatest 
stories of technological achievement in pushing back long-estab- 
lished boundaries of both accomplishment and basic knowledge, 
it is, from our British viewpoint, clouded by a sorry string of 
immense opportunities which have been lost. To a high degree 
this has resulted from our own outlook on problems and, in 
particular, from our cautious approach to the so-called sound 
barrier. In the decade between 1944 and 1954; our fastest aircraft 
progressed from Mach 0.80 to Mach 0.95 while, over the same 
period, American aeroplanes explored the entire flight spectrum 
up to Mach 2. Our only supersonic experience was obtained in 
dives, in which some of our aircraft could get just beyond sonic 
speed for a few seconds. 

No responsibility for this poor progress can be laid at the 
door of our powerplant manufacturers. They have served us 
well and, if our structural and aerodynamic teams have the ability 
and courage to match their products to the power which will be 
made available to them, the next twelve years will see advances 
even more startling than those of the twelve years just completed. 

Nevertheless, the vast supersonic realm now open to us is 
challenging in the extreme. It has often been said that, once 
Mach | is passed, nothing much happens until the so-called heat 
barrier makes itself noticeable at something over Mach 3. From 
the propulsion viewpoint this is very far from the truth. Even 
now, thousands of engineers are engaged in a bitter combat with 
the thermodynamic, aerodynamic and structural problems occa- 
sioned by the jump from Mach 1.5 to Mach 1.8 or 2. It is easy 
to juggle with Mach numbers on paper, but in practice 2.0 can 
be quite different from 1.90. 

Turbojets are still the dominant form of powerplant. It is 
worth recalling that, a dozen years ago, it was widely considered 
that the turbojet would probably not be able to propel operational 
military aircraft at speeds much beyond that of sound. Several 
authorities, in fact, suggested that the ramjet would begin to be 
pre-eminent in the vicinity of Mach 1.5. Yet events have shown 
that the conventional turbojet is capable of doing useful service 
over a much wider spectrum. Already combat-type aircraft are 
flying close to Mach 2 solely on turbojet power, and present 
indications are that by 1960 there will be several types of aircraft, 
wholly or principally powered by turbojets, capable of Mach 
numbers of up to 2.5 or 2.7. 

Performance of this order—double that of the fastest aircraft 
at present in service—requires propulsive power which, by past 
standards, is stupendous. The efficient provision of such power 
presents as great a challenge as any ever placed before an aero- 
engine industry. Yet, on paper at least, it can be done; and, 
perhaps surprisingly, better with the turbojet than with the 
ramjet or rocket. In the succeeding pages some of the factors 
influencing the design of advanced turbojets are examined in 
the simplest terms. 


CONTINUED OVERLEAF 
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THE SUPERSONIC TURBOJET 


It is logical that most of the next generation of military aircraft 
should be powered by developments of engines already in service. 
As far as work-capacity is concerned, good engines can be 
“stretched” at least as much as can airliners, although the process 
may be less evident externally. Several methods for increasing 
thrust in a turbojet come readily to mind. 

Most obvious, perhaps, is to increase the rate at which air 
passes through the engine; for, other things being equal, the 
thrust varies directly with the rate at which the air is handled. 
Another self-evident solution is to give each particle of air greater 
acceleration. This can be done by increasing the maximum 
pressures and temperatures in the thermodynamic cycle of the 
engine, or by reheating the air in an afterburning tailpipe. 

It is to be noted, however, that too much increase in 
ratio can actually lead to a decrease in thrust. This results from 
the reduction in jet-pipe pressure and hence in thrust per 
of airflow. Such an apparent paradox is particularly important 
at high supersonic Mach numbers, as is revealed by the set of 
curves on the opposite page. 

An increase in the mass flow in an existing design of engine 
is normally obtained by one of two methods: by increasing the 
annulus area of the compressor and so improving the swallowing 
capacity of the engine, or by running the engine at higher r.p.m. 
The latter choice, although sometimes practical without intro- 
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SPECIFIC FUEL CONSUMPTION 


SPECIFIC THRUST (i> per Ib/sec airtiow) 


Generalized turbojet curves of performance at maximum spae 
sea-level static. Assumptions: compressor and turbine per 
cent efficient (polytropic); total duct losses, five per cent. 


ducing a major design modification, increases the operating 
stresses throughout the engine and particularly in the blading. 
Nevertheless, substantial gains in thrust, together with improved 
pressure ratios, can result from an increase of only two or three 
per cent in the governed speed. 

For really worth-while increases in mass flow there is no 
alternative but to re-design the engine to improve its swallowing 
capacity. Most turbojets at present in service were designed to 
conservative hub/tip ratios (radius of the intake hub divided by 
overall intake radius). It is possible to increase the annulus area 
either by opening up the outer diameter or by reducing the 
diameter of the hub. In either case the effect can be remarkable; 
examples are the Sapphire, in which the thrust was increased from 
just over 7,000 Ib to not far short of 10,000 (Sa.4) solely by this 
means, and the J47, which, during re-design to J73 standard (of 
similar basic dimensions), was persuaded to increase its output 
from 5,800 to 9,500 Ib largely by improving the s 
capacity. 

There are, of course, penalties to be paid. The greater length 
of the compressor blades has been known to intensify mechanical 
problems, although this is by no means a sine qua non. The in- 
creased pumping horse-power necessitates a larger turbine, which, 
unless an additional stage is added, can tend to become of em- 
barrassing diameter. It should also be noted that increases in mass 
flow are possible only with the co-operation of combustion 
engineers, who must persuade ingly more fuel to burn 
efficiently in roughly the same size of chamber. 

Increased pressure ratio at unchanged r.p.m. is rarely resorted 
to except where a gain in efficiency is required. The easiest way 
to increase pressure ratio is to run the engine at higher speed, 
and the N.A.C.A. have recorded a 15-per-cent rise in pressure 
ratio as a result of increasing the compressor tip-speed from 1,000 


to 1,400 ft/sec. The penalty in this case is that, not only are 
the blade stresses markedly increased, but excessive velocity will 
result in part of the flow through the compressor being transonic. 
In future engines, however, this may be unavoidable, as will 
presently be discussed. 

Were other factors to remain constant (which in practice they 
cannot), increased pressure ratio would normally result in marked 
improvement in specific fuel consumption, and a high pressure 
ratio is sometimes adopted solely on this account, in spite of the 
cost of greater weight and complexity, and possibly poorer 
handling characteristics. In certain cases a slight improvement 
in caualile power will be gained as well. As the flight Mach num- 
ber is increased the ram compression (compression of the intake 
air resulting from the reduction of kinetic energy) becomes of 
increasing importance, and it completely dominates 
dynamic cycle at high supersonic speeds. 

This hypothetical process of increasing the output of existing 
engines is unlikely to require any major change in the design of 
the combustion system. Certainly this part of the engine is 
difficult to make any shorter, for enough axial length of chamber 
must be provided to make sure that all the fuel is burned before 
the turbine is reached. In spite of steady improvements in com- 
bustion intensity this problem is accentuated by the probable 
increase.in flow velocity which would accompany any of the 
usual forms of increasing the thrust. A great deal can be done 
by detail re-design; in fact, certain American turbojets have been 
run fitted with combustion chambers capable of passing double 
the original design mass flow while occupying the same bulk and 
introducing only a quite-acceptable increase in pressure drop. 
There are, in fact, many who believe that great improve:sents in 
all factors, particularly chamber length, will be realized during 
the next few years. 

Immediately behind the combustion system is mounted the 
turbine itself, and, more than any other component, the turbine 
is a fundamental stumbling block in the uprating of an engine. 
It can generally be assumed that the turbine of a basic engine 
will already be worked fairly close to its limits. An increase in 
mass flow can be accommodated by increasing the blade length; 
this alone may provide sufficient extra shaft horse-power, but it is 
possible that an additional stage may have to be added. Con- 
siderably more unyielding and restrictive are the limits set on 
maximum gas temperature. Hotter flow through the compressor, 
combustion system or jet pipe can generally be accommodated 
without too much trouble, but even a slight increase in turbine- 
inlet temperature results in progressive reduction in the life of 
the turbine. Even in engines with an expendable “short-life” 
application gas temperatures cannot be increased above very 
definite limits. 

In practice, changes in turbine design can be made to permit 
the unit to be driven by a hotter gas flow. Careful mechanical 
design can do much to ease the maximum stress levels and 
smooth out points of peak temperature. Furthermore, all kinds 
of specialist firms and agencies are relentlessly searching for 
materials with better mechanical properties (particularly creep 
strength) at elevated temperatures. When an improved blade 
material is introduced it can it either greater mechanical 
stress (resulting from increased or r.p.m.) or a higher turbine- 
inlet temperature; invariably it is the latter course which is taken. 


Generalized curves for a turbojet of 90 per cent efficiency 
cruising ot 500 kt in the stratosphere. Assumptions: top tem- 
perature and compressor total energy rise, 90 per cent of design 
values; ram efficiency, 90 per cent; duct losses, five per cent. 
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Profound effects on the mechanical performance of an 
can result from minute changes in its composition. This long 
established fact is being put to advantage in the U.S.A. by perfec- 
tion of vacuum-melting techniques. The F. J. Stokes Machine 
Company and General Electric have inde: 
ment and techniques for carrying out 


alloys in the region of 1,500/1,600 deg F. Now GE. are going 
into pilot-production at 100,000 Ib per year with even better 
material produced by vacuum melting. 

Undoubtedly the greatest series of turbine alloys are those 
developed and manufactured under the registered name 
“Nimonic” by the Mond Nickel and Henry Wiggin companies. 
The latest of these high-nickel alloys is Nimonic 100, which is 
showing itself superior to all other blade alloys in the region 
900-980 deg C. An engine giving 5,000 Ib-thrust with N.30A 
blading = theoretically to give 5,500 Ib-thrust with turbine 
blading of N.100. Apart from some increase in cost, the chief 
penalty attending the use of high-creep/high-temperature alloys 
is their difficulty of working. It is only natural that an alloy 
specifically to retain its strength at elevated tempera- 
tures be difficult to forge. 

In the U.S.A. thousands of turbojets have now been built in 
which all turbine blading is cast. If one is prepared to forego 
the good grain-flow associated with forging, one can use materials 
which do not become plastic until temperatures well outside 
present gas-turbine experience are reached. Ceramic materials, 
in particular, can be employed in gas temperatures as high as 
3,000 deg F, and a whole range of synthetic materials known as 
cermets now bridge the gap between ceramics and metals, gener 
ally with intermediate properties. Unfortunately most cast, or 
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range of Mach 
numbers. 


SPECIFIC THRUST (ib per b/sec ation) 


sintered, materials of this type are markedly i 1 

metals in resistance to thermal shock and impact. Much has been 
achieved by such firms as Ryan and Solar in developing ceramic 
coatings, either to allow increased gas temperature or to permit 
the use of cheaper basic alloys. Such coatings are proving very 
valuable on lightly stressed components (especially canware) but 
seem to have very limited applications in turbine construction. 
Ceramic-coated turbine blades have been extensively evaluated 
and generally found wanting. 

Appreciable increases in gas temperature are being obtained by 
employing blade materials based on titanium carbide. No British 
manufacturer has yet said much about this work—doubtless on 
security grounds—but it is known that in America, using up to 
30 per cent nickel as a binder, tensile strengths have been obtained 
up to 68 tons/sq in at room temperature and no less than 18 tons/ 
sq in at 980 deg C. Kentanium, an American sintered titanium 
carbide, has been operated in the form of primitive turbine rotors 
for 100 hr at 30,000 r.p.m. in a gas temperature of 1,850 to 1,900 
deg F. Mention should also be made of German work, particu- 
larly with the WZ sintered hard-metal alloys. One of these, WZ 
12b, is claimed to have a 100-hour rupturing strength of 8.27 
tons/sq in at 940 deg C and about 16 tons/sq in at 900 deg C. 

German engineers were also responsible for remarkable advances 
in turbine performance during World War 2. To a considerable 
degree their work resulted directly from almost crippling short- 
ages of really good alloys, or alloying elements, so that the mass- 
production of usable turbojets for the Luftwaffe was largely a 
case of bricks-without-straw. Today the gas-turbine manufac- 
turer suffers under no such handicaps, yet some of the German 
lines of development are still being extensively exploited. 

Most important of all these developments is that of cooling 
turbine blades. This can be done by various means, some of 
which blanket the surface. some cool the centre of each blade, 
while other methods extract heat from all parts of the blade. In 


559 


several of the early German gas turbines the turbine blading was 
manufactured from wrapped and welded sheet, the interior of each 
blade being cooled by an air blast. Modern cooled blades, how- 
ever, are frequently cut from solid bar or machined from a forged 
or extruded blank 

The + of cooled blades was recently described by 
Henry Wiggin and Company, Ltd., in the following terms :— 

“The increased strengt’ , at high temperatures, of the improved 
alloys brings with it increased difficulty in hot-working, and 
extrusion has proved to be preferable to hammer-forging for the 
initial working of ingots. Extrusion is particularly advantageous 
when the Ugine-Séjournet process of glass lubrication is used, 
and this procedure is now adopted as standard for the working 
of the Nimonic alloys. Cast billets are extruded to bar, which is 
either hot-rolled to a smaller cross section for machining or forg- 
ing to blade blanks, or used for forging in the extruded condition 
after machining of the surface for inspection. 

“Extrusion has also recently made possible the development of 
a type of product which is of interest in the manufacture of cooled 
blades. Before extrusion, the billet is drilled with a number of 
suitably distributed holes which are filled with rods of a material 
specially chosen as having, at the extrusion temperature, deforma- 

tion characteristics which closely match those of the alloy with 
which it is to be used, and also as being readily removable from 
the holes after extrusion. The plugged billet is extruded to 
approximate aerofoil form, and is finished by hot- or cold-rolling. 
The product is then cut to the required lengths, and the filler 
material is removed. Constant-section extrusion of the type 
described is primarily suitable for stator blades, but further 
developments are expected to lead to use of the same process for 
production of rotor-blade forgings. No significant change in creep 
properties is produced by extrusion as compared with hammer 
forging, either in the actual extruded bar or in hot-rolled bar or 
blade forgings produced from it.” 

The turbine blading can be cooled in order to permit the use 
of inferior materials or to raise the thermodynamic efficiency by 
increasing the top temperature, but by far the most important 
advantage is that it allows existing materials to operate in higher 

gas temperatures and so give greater specific power. On March 
Toth we published a paper giving results of tests on single-stage 
blading (cooled stator and rotor) at the N.G.T-E. prior to 1953. 
It was concluded that an increase in gas temperature of 518 deg F 
could be allowed, compared with uncooled blades of similar 
material. In a turbojet with a component efficiency of 90 per 
cent, a pressure ratio of 8 : 1 and a mass flow of 100 Ib/sec, this 
would raise the thrust from about 5,800 Ib to over 7,800 Ib, 
assuming other factors could remain unchanged. In this early 
exploratory programme—the results of which have since been 
significantly improved upon—it was not found possible to prevent 
increases in the thermal stress borne by the blade. On the other 
hand, this resulted largely in a shift of the load to the cooler, and 
hence stronger, portions of the blade. Thermal shock was inves- 
tigated, many cycles being run in which the gas temperature was 
suddenly reduced from 950 to 120 deg C, the blades remaining 
sound 


Other forms of cooling include porous (sintered) cooling and 
effusion cooling. The former method y involves materials 
which are notoriously poor mechanically. The latter, however. 
can be very attractive, especially where the flow around the blade 
is laminar. Research suggests that effusion-cooled laminar-flow 
blades would require only 33 to 50 per cent of the cooling air flow 
needed by an internally cooled blade working under the same 
conditions. The insulating action of the cooling air envelope can 
permit exceedingly high gas temperatures—higher, perhaps, than 
are possible by any other method at present in prospect. 

Prior to 1950 surprisingly good results were obtained from an 
early Whittle engine in which the turbine blading was cooled 
externally by water sprays, of which three were mounted in each 
of four symmetrically disposed nozzle guide vanes. With water 
equal to 0.2 per cent of the gas flow, the rotor-blade temperature 
was reduced from 1,200 deg F to less than 850 deg F. Several 
types of turbine have already been run with internal cooling 
systems involving water or other fluid such as liquid sodium. 
It is believed that American research in this field has resulted in 
turbines satisfactory for gas temperatures exceeding 2,500 deg F. 
Even light-alloy blades have shown promise with liquid cooling, 
owing to their excellent thermal conductivity. 

Several severe difficulties are being met in developing reliable 
coo'ed turbines. A major problem is the achievement of maximum 
uniformity of temperature and reduction of thermal stresses in 
the blades, discs and stator assembly. Another requirement is 
that the cooling medium should be scrupulously clean and free 
from solid particles which might choke passages of minute cross 
section. The latter consideration is somewhat less of a problem 
when the cooling medium is air. 

A degree of blade cooling is obtained as a by-product from some 
patterns of afterburner. An example of such a system is that 
developed by the Canadian National Research Council, in which 


final machining, in a controiied atmosphere, so allowing precise 5 
control of reactive ingredients. Pratt and Whitney’s “Waspaloy” fe 
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kerosine is injected upstream of the turbine and vaporizes with- 
out combustion during its passage through the blading. The latter 
is consequently cooled by extraction of the latent heat of vaporiza- 
tion from the flow. The vapour finally burns at a flamcholder 
assembly in the tailpipe, in the usual manner. 


Afterburning has been widely employed in some countries, 
but British affection for it has been lukewarm (we have not a 
Pp ee in full service). In subsonic air- 


burning engine 
, afterburners can be frowned upon as heavy, greedy and 
bulky, but at higher Mach numbers one gets a much greater 
return for the increase in jet velocity. For example, an after- 
burner capable of increasing ahs static thrust of an engine by 35 
per cent would result in a boost of 69 per cent at Mach 1, 105 per 
cent at Mach 2 and no less than 219 per cent at Mach 3. 

At Mach numbers of the latter order the characteristics of the 
whole powerplant must change. No longer can the engine be 
considered merely as a piece of ironmongery capable of being made 
by the thousand and bolted into any kind of aircraft. The entire 
airframe and powerplant system must be designed together as one 
entity, the entire length of ducting in front of behind the 
engine being as important as the engine itself. Moreover, any 
shortcomings in the installation will result in penalties far worse 
than at present. 

Stemming from this argument is the far-reaching fact that, 
in the words of the chief engineer of the D.H. Engine Company, 

“We have come to the end of the all-can-do engine.” For example, 
turbojets suitable for intercepters will be different from bomber 
engines of similar static thrust; furthermore, the fighter engine 
may have more complicated accoutrements and control systems. 


Future Operational Requirements 

Before discussing the supersonic turbojet it is advisable to out- 
line some of the conditions experienced at supersonic speed at 
the tropopause. The normal ambient temperature and pressure 
can be taken as being -68 deg F and just under 34 Ib/sq in. 
In contrast, air taken in through the intake of an engine moving at 
Mach 2 would, assuming full ram-recovery (i.e. complete absence 
of losses in the intake system), reach a steady pressure of no less 
chan 100 Ib/sq in and a temperature of around 516 deg K. While 
this is a very considerable advantage, in that it relieves the com- 
pressor of most of the work which it would otherwise be called 
upon to do, it also imposes demands on the engine which can be 
met only by powerplants of very different design from those we 
have been accustomed to. 

It is of fundamental importance to appreciate the fact that, 
with a high intake total-head temperature added to a high 
temperature-rise across the compressor, the margin left for burn- 
ing fuel is very small before metal-temperature limits are met in 
the turbine. Again, although the optimum pressure ratio of 
supersonic engines tends to fall off as the flight speed is increased, 
the temperature-rise (and therefore the work) does not decrease 
to anything like the sarne extent. For this reason more stages 
are needed for a given pressure ratio than would be required at 
low flight speeds; furthermore, only a slight increase in the 
required pressure ratio demands a great deal of extra weight in 
the compressor when the intake temperature is high. 

As already noted, it is possible to develop subsonic turbojets as 
self-contained engines; and when these are ready for service 
they can be bought by any customer, who Las then merely to 
install them in his aeroplanes in order to obtain satisfactory 
results. The supersonic era demands much more specialization. 
Designers generally agree that they will not be able merely to go 
ahead and produce a “good supersonic engine”; the whole propul- 
sion system for any given vehicle will have to be carefully tailored 
to the requirements of the airframe and of the specific mission 
for which it is 


Three possible types of mission for military aircraft: an 
i (A), @ supersonic aircraft which cruises sub- 
sonically (B) and an “all-supersonic” machine (C). 
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for short periods (during combat for the fighter, or in over-target 
“dashes” for the bomber). 

This clearly demands a compromise-type of powerplant. The 
job could certainly be done by a combination of the high-compres- 
sion turbojet and the supersonic ramjet, and this combination is 
specified, in a closely integrated form, for the experimental 
Republic XF-103. Alternatively, the requirement can be met 
by a variable-geometry turbojet, the characteristics of which can 
be altered to suit the conditions obtaining at the different flight 
Mach numbers. For the subsonic case, a compressor with a high 
pressure ratio is a pre-requisite to low cruising specific fuel con- 
sumption. For maximum | agen an afterburner is neces- 
sary, and this portion of the powerplant becomes dominant at 
the top end of the Mach scale. The author believes that such a 
powerplant should be exceptionally useful and versatile. It may 
be the optimum for the all-round requirements of mission B, 
in spite of the fact that the engine is not the optimum for either 
the subsonic or the supersonic regimes taken separately. 

Mission C specifies a flight plan carried out entirely at super- 
sonic speed, such as might be useful to certain types of bomber 
or (looking further ahead) transport aircraft. Pending the 
availability of nuclear propulsion, which is the obvious type of 
power to use, such a mission could be fulfilled by a fixed-geometry 
turbojet, the design of which is so arranged that all the components 
reach peak efficiency under the supersonic cruising conditions. 
This type of engine is discussed towards the end of this treatise. 


Part Subsonic, Part Supersonic 


Returning to mission B, one of our artists has prepared an 
impression (pp. 562-3) of a hypothetical variable metry, after- 
engine (henceforth termed the VG). is illustration, 
which is believed to be unique, emphasizes the fact that this sort 
of aeronautical propulsion machinery must be considered as a 
coherent unit from upstream of the intake to downstream of the 
propelling nozzle. Possibly the best way to discuss the installa- 
tion is to examine it, component by component, from front to rear. 
Bearing in mind that engines might have to develop thrusts of 
from 30,000 to 50,000 Ib, the first thing that the observer will 
notice will be the size of the engine. The VG could well have a 
length in excess of 40ft, although of this total not more than 
about one-third is occupied by the main rotating assembly of 
the engine itself. Upstream of the latter is a very iffusing 
intake containing a central body with a pointed nose. The reasons 
for such an arrangement are well known but bear repetition. 

In the past there has been a natural tendency for designers to 
fight shy of shock-waves and go to great lengths to avoid localized 
regions of sonic flow. At a flight Mach number of 2.5 the designer 
must perforce abandon his entrenched position and learn to live 
with shock-waves bristling in all directions. The existence of a 
shock-wave implies sonic velocity upstream of it, and as the air 
flows through the shock it experiences a sudden, discontinuous 
rise in pressure and temperature at the expense of velocity. As 
a proportion of the total energy of the flow is invariably degraded 
to appear as heat, the process is irreversible. 

Simple pitot intakes (plain holes) produce a normal shock (i.e. 
at 90 deg to the air flow) in which all tne flow-changes from super- 
sonic s have to be completed. At Mach 1.5 the ideal pitot 
intake is still better than 90 per cent efficient, but as the Mach 
number rises further the losses become unacceptable. If, how- 
ever, a streamlined body is in the centre of the intake, 
the upstream point of this will give rise to an inclined shock, 


560 
classic short-duration “up/down” type. Such an aircraft could 
be satisfactorily powered by a rocket motor, for the resulting very 
high thrust at all altitudes would confer outstanding acceleration 
and power of manceuvre, whereas the resulting limited endurance 
might be no great embarrassment. This type of aircraft would 
probably also be equipped with a relatively small turbojet to 
provide accessory power and to take over the propulsion of the 
aircraft during “stooge” periods, including the final circuit and 
landing. The turbojet of such an aircraft could, at a pinch, be 
a present-day engine, since it is of relatively minor importance 
to the maxim weir One may assume that the forth- 
coming Saunders-Roe S.R.53 will fall into this category. 

Curve B postulates a mission which may need to be flown 
by future bombers or large all-weather fighters. The require- 
ments in this case are that the engine should provide good endur- 
ance at subsonic speed (a long-range cruise for the bomber 
and a long-duration “loiter” for the all-weather fighter) while 
having the ability to propel the aircraft at something over Mach 2 
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These are the 


FAIREY Z A new world speed record of 1,132 mp.h.* was established on 10th 


March, 1956, by the Fairey Delta 2. It is the first aeroplane to exceed 
1,000 m.p.h. under F.A.I. conditions. (*Subject to confirmation.) 


F AIREY GANNET The Fairey Gannet has proved in service to be the World’s most 


successful anti-submarine aircraft, combining the ability at once to search 
and strike decisively with newly developed weapons. 


FAIREY FIREFLASH vas ine Company to design, develop and 


manufacture a guided weapon which destroyed a target aircraft. This weapon 
—the “Fairey Fireflash”—is now in production for the Royal Air Force. 


FATREY POWER CONTROLS roveres riying ar 


an achievement in terms of precision. In manufacture, key components are 
finished to tolerances of the order of one millionth of an inch. 


In operation Fairey Controls confer precise and effortless flight character- 
istics on aircraft as varied as supersonic fighters and large transport aircraft. 


FAIREY ENVELOPE TOOLING prossction, compet 


interchangeability and no time lag between prototype and production are 
the advantages of Envelope Tooling, a revolutionary method of assembly 
invented, designed and developed by Fairey. 
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in which part of the rise in pressure and reduction in velocity are 
accomplished. Inside the intake is located the normal shock 
in which the process of deceleration is completed (there is, of 
course, further continuous subsonic diffusion between the shock 
system and the compressor itself). 

With the correct choice of cone-angle on the centre-body the 
inclined shock cone can be made to impinge approximately on the 
peripheral lip of the cowling, but, as the Mach number increases, 
the angles at which the first shock leans back will increase. Con- 
sequently, to maintain the correct impingement the centre-body 
spike will have to be moved axially forward in relation to the lip 
of the cowl—alternatively, the cowl can be moved to the rear. 

Supersonic intakes of this type can be temperamental and 
critical, being sensitive to changes not only in Mach number but 
also in angle of attack and yaw. The geometry of the shock system 
is also dependent upon the conditions inside the engine; it is 
possible to suffer an unstable condition in which the normal shock 
has two ——— conditions, one inside the engine and one 
outside, between which it oscillates violently with a high frequency. 
Such a condition greatly reduces the efficiency of the engine, and 
can also cause severe fluctuating stresses which give rise to fatigue 
problems. 

Downstream of the shock system in the intake the air is diffused 
(Le. increased in pressure and decelerated) in an ad hoc portion 
of the engine in which the cross-sectional area of the annular duct 
progressively increases. At the rear end of this subsonic diffuser 
the air passes to the compressor itself. 

For maximum flow through the compressor today’s problem 
is to achieve the minimum area of obstruction across the gas path. 
This is particularly true of contemporary transonic engines. 
Supersonic turbojets, with a large intake and even larger final 
nozzle, will not be restricted in this way. 

There are, however, practical limits to the amount of air 
which any given size of Comgucsser can handle. A useful para- 
meter which can be used as a yard-stick is the “specific through- 
put,” measured in pounds of air per second per square foot of 
frontal area. It can be shown that the maximum specific through- 
put that can be theoretically achieved at sea-level by a wholly 
subsonic axial compressor is approximately 37} iienien ft. 
Such performance calls for sonic flow in the intake and, since the 
latter has a limited cross section, this leaves no room for any 
bearing-support struts or guide vanes. Were such to be inserted, 
their presence would choke the whole entry and block the flow 
(just as, before John Stack, even a small model could choke a 
transonic tunnel). In practice, therefore, it is possible only to 
achieve something of the order of 34 or 35 Ib/sec/sq ft. 

One obvious way of pushing towards this end is to increase the 
velocity both of the blades and the airflow. Eventually such an 
increase would result in supersonic flow around the outer portions 
of the rotor blades. Although the argument for the supersonic 
compressor is by no means watertight, there are certain ad- 
vantages to be gained from the employment of transonic flow in 
the first few stages. It is already known that this involves no 
great drop in efficiency, and such blading can attain very high 
values of work-per-stage. 

The latter parameter is of fundamental importance, for if each 
blade can be made to do more work it follows that fewer blades 
will be needed in the engine. It is notorious that any change in 
the weight of individual blades has something like a tenfold 
effect on the weight of the complete powerplant (and, by the 
same “growth factor,” an even greater effect on the aircraft). Blade 
chord is one of the major variables, and quite efficient com- 
pressors with transonic early stages can be made with very thin 
blades of large chord. Increase in the chord not only brings 
down the all-important thickness/chord ratio, but also increases 
the amount of work which the blade can do at a given rotational 
speed. On the other hand, it increases the length of the engine 
and thus tends to counteract any weight-savings produced, so 
a compromise must be sought. 

In the mechanical design of the compressor much can be done 
to produce units better than anything so far seen. A more care- 
ful appraisal of the stresses actually experienced by blading 
could probably show that light alloys could still be employed 
in many engines which are today using heavier materials. Never- 
theless, it is doubtful if light alloys will be acceptable at the 
temperatures which will be encountered at over Mach 2, and 
even if light-alloy blades are found to be admissible care must 
be taken to prevent them from wrecking themselves against 
ingested foreign bodies. Particularly good mechanical behaviour 
can be achieved by using compressor discs floating on a central 
drum and driven through radial serrations. In this regard, the 
curvic coupling is very well spoken of on both sides of the Atlantic. 

In large engines of the future it may be relatively easy to anti- 


ice early compressor stages by employing hollow blades through 
able degree the problems of the blade designer parallel those 
facing the designer of airscrews, and indications are that the two 
forms of blade will become increasingly similar in construction. 

The use of hollow blades, for example, is advantageous in 
another respect, in that the mass of the blade is disposed away 
from the zero axis, thus resulting in much improved damping 
characteristics. If internal damping has to be resorted to, the 
material used will have to be extremely stable mechanically, for. 
at 1,500 m.p.h. a single vibrating blade could quite conceivably 
wreck the engine and even the airframe to which it was attached. 
Powders or expanded foams may be satisfactory, or, again drawing 
a leaf from the airscrew industry, a solution may lie in having a 
“finger” up the centre of the blade with a critical height found 
by vibration experiments. Going even further, it may be possible 
to vary the mass/stiffness ratio by using tapered sheet in which 
the thickness decreases with blade radius. By these methods it 
should be possible to tune each blade, and make the damping 
characteristics better than those of the solid blades currently used. 

Unfortunately, it is essential to make the tips of the blades 
very thin, especially where the local flow is supersonic. This may 
necessitate having solid tips, which makes the disposal of anti- 
icing air a considerable problem. Transonic blades may require 
fairly abrupt changes in profile to suit the Mach number at each 
radius, and the fact that the latter will vary with r.p.m. indicates 
that optimum efficiency will not be achieved except at a certain 
design point. Another purely mechanical problem is that of 
shrouding the blading. At the high centrifugal loads which will 
be experienced by transonic blades, individual shroud sections of 
conventional design tend to form arched ridges which prevent the 
maintenance of the proper clearances. An alternative arrange- 
ment which seems attractive is to employ floating hoop shrouds 
driven by the tips of the blades—or, preferably, no shrouds at all. 

From the compressor the air, which may be at well over 670 deg 
K and at 150-700 Ib/sq in, passes to the combustion chamber via 
a short diffuser section. Any guide vanes in this section would 
tend to restrict the nag as also would streamlined struts 
carrying a centre bearing. Although the main rotating assembly 
of some supersonic engines may be of relatively greater diameter 
than current designs, it is doubtful if the centre bearing can 
be dispensed with in a fairly high-pressure engine of the VG type. 

In the old days of the 1940s the combustion system was one 
of the principal design problems, and it also invariably fixed the 
frontal area of the engine. Today, and to a still greater extent in 
the future, the latter function is falling to the turbine. In contrast, 
the combustion chamber can be evolved fairly simply, falling well 
into the diameter established by other components and posing 
few major difficulties. 

So far combustion systems have kept up with the increased 
swallowing capacity of improved compressors, but this has been 
achieved partly by breaking away from obviously imperfect geo- 
metrical systems—such as the use of separate cans. It is not 
easy to see how one could take the space-envelope of a 
combustion chamber and evolve a redesigned assembly capable 
of passing air and fuel at twice the rate. Present gas velocities 
through advanced designs of combustion chamber are around 
120 to 140 ft/sec, and it will not be easy to increase this factor 
without making unacceptable compromises. 

Nevertheless, intensive efforts are being made to increase both 
combustion intensity and axial velocity, and a great deal of back- 
ground knowledge must have been learned from the development 
of afterburners. Working roughly along afterburner lines, cham- 
bers have now been evolved in which the heat-release per unit 
volume is much higher than that in most present production 
engines. It has been found, for example, that apparently trivial 
changes (e.g. in the pattern of the perforations in the flame tube) 
can double the heat release without unacceptable penalties. 

Bearing in mind the extent to which aircraft designers are try- 
ing to extract air from turbojets, it is surprising that there is 
not more trouble than there is. Certainly any really intensive 
bleed-off of compressor-delivery air for accessory and pressuriza- 
tion purposes can be a distinct embarrassment, although engine 
designers are doing their best to yoann yD such demands. A 
related problem is posed by the employment of air-cooled turbine 
blading, for the latter can take a very considerable air flow and 
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it is essential that the balance of the flow around the periphery 
of the compressor should not be disrupted. 

Air for cooling the turbine can probably best be extracted from 
the wall of the gas path—the inner wall seems logical from the 
geometrical viewpoint—and it should be possible to peel off the 
required flow without greatly disturbing the flow pattern. It 
does at least seem to be a case in which a design, having been got 
to work, stays correct. increases in gas — so 
far do not seem to have caused much difficulty in cooling the 
primary zone walls. Even at over 2,000 deg K it is quite possible 
to maintain satisfactory metal temperatures by film cooling with 
secondary or tertiary air which can form a thermal barrier be- 
tween the hottest gas and the turbine nozzle box. 

As already described at some length, turbine-inlet tempera- 
tures must be allowed to rise in order to obtain the maximum 

- specific output. In the fairly-high-pressure VG type of engine 
two turbine stages may be necessary, and both would have to be 
cooled in high-speed flight. Engineers on both sides of the 
Atlantic have now evolved several forms of turbine-disc and 
blade assembly which lend themselves well to air cooling. One 


THE VG ENGINE 
This hypothetical design of turbojet is extensively discussed 
in the text. It is intended to meet the requirements of efficient 
cruise at about Mach 0.9 while providing for bursts of speed 
up to Mach 2.5-2.7. Insets show: A, variable spike; 8, cowl 
flaps shut; C, cowl moved forward; D, nozzle moved to fully 
expanded position; and E, aerodynamic constriction of the throat. 


1 Extendable nose (see sketch A). 
2 Water methanol rotary spray 
(anci-rcing, intake cooling) 


3 Nose portion sides forward 14 Air-bieed contro! valves. 


from this point, increasing the 
primary intake area and pro- 
viding peripheral bleed (see 
sketch C) 

4 Shutters move forward 
contract, sealing intake 
8) 

5S Nose-cone ram 

6 Pumps and accessories. 

7 Electronics 

8 Rams and rails for sliding nose 
section 

? incegral off tank 


1S Air trunk co 17 and 18. 

16 Cooled blading 

17 Gate valve: air supply to throat- 
varying nozzies 

18 Gate valve controlling air- 
driven motors (20). 

19 Sliding portion for increased 
nozzle area (see sketch D). 

20 Air-motor screw-jacks for slid- 
ing section (19) 

21 Air manifold 

22 jets for aerodynamic throat- 
erea control (sketch E). 


23 Afterburner step-type flame- 


10 Casing cowling splits into main 
holder 
24 Afterburner fuel-spray nozzles. 


units for servicing. 
Air trunks 


of these forms embodies twin discs for each stage; not only can 
cooling-air be readily fed between the discs, but such a rotor may 
well have better mechanical properties than single-disc assemblies 
of the same weight. Naturally such a design would require a com- 
pletely new form of blade root. 

Two basic factors which determine the flow of —_— air 
through the blades are the pressure differences across the blading 
and the total resistance to the flow. At high altitudes and tempera- 
tures it may not be an easy matter to maintain a sufficiently high 
differential to keep the blade temperatures down unless assistance 
is provided by the centrifugal acceleration (up to 20,000 g) within 
the turbine rotor blades themselves. The latter effect, of course, 
is absent from the nozzle guide vanes or stator blades—where, 
furthermore, the discharge has to be made into a relatively high 
stagnation pressure. The problem can be partially eased by eject- 
ing the cooling air from the blade trailing edges, insofar as this 
is mechanically possible; in the rotor the much greater pressure 
differential puts the designer in a better position even discount- 
ing the centrifugal assistance. 

In order to prevent the overall diameter from becoming exces- 
sive, supersonic turbojets are likely to operate with an increased 
flow Mach number between the turbine and the propelling nozzle. 
Nevertheless, the designer may be in trouble in the exit cone at 
the upstream end of this section, and the diffusion rate may have 
to be reduced if losses are to be kept acceptable. This inevitably 
increases the length of the engine. 

As already noted, the VG design is a fairly high-pressure 
afterburning unit intended to compromise between supersonic and 
subsonic requirements. Unfortunately, at flight 
Mach numbers the increased temperature the flow through- 


out the engine reduces the margin available for the combustion 
of fuel behind the turbine, so that the maximum available after- 
burning boost is 
engineer, in 


lower. A General Electric 
point last summer, said that future 
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afterburners would be operated dry” with an almost 2:1 
gain in s.f.c. compared with present afterburning engines. 

One point which cannot be overemphasized is that, ot a the fight 
Mach number is increased beyond about 1.8, with an afterburner 


perf 

of the hypothetical VG engine is that it should be suitable for 
subsonic cruise; hence the annoying requirement of high, built- 
in pressure ratio. 

In general the supersonic afterburner will have to meet the 
same sort of requirements as those facing present units, although 
truly formidable throughput and flow velocity will accentuate 
most problems, particularly that of minimizing pressure drop. 
At the Lewis Flight Propulsion Laboratory the N.A.C.A. have 
devoted much research-effort to the evolution of new afterburner 
fuels in which the speed of the flame front is much greater than 


in the hydrocarbon fuels at present employed. By employing such 
fuels (in the afterburner only) reheat can be accomplished with 
very much reduced drag from flameholders and other baffle 
assemblies. 

Much depends, of course, on how much ing is neces- 
sary to meet the design requirements. Every gallon of fuel 
sumed in the afterburner would theoretically do more good if it 
were burned upstream of the turbine, and that is certainly where 
all the fuel would be put if it were not for the old bogey of the 
ceiling on turbine-inlet temperature. With a fairly high-pressure 
engine of the VG type, the ideal aircraft installation would accom- 
modate an afterburner of massive proportions—perhaps 6ft in 
diameter and 30ft long—in which the mean gas temperature could 
be reheated to more than 2,000 deg K with minimum losses. Few 


The latter may be tailored to the 1 


Con-di nozzles of any a i 
librium at either of two numbers; for a typical nozzle the 
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gressively less important. The thrust and consumption depend 
: overwhelmingly on the performance of the afterburner, and it 
becomes theoretically - to pull out half the blades 
17, 
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13 Air bleeds ‘a5. 
aircraft seem likely to provide this sort of space-envelope, and, 
where the afterburner is dimensionally limited, the percentage 
boost will have to be correspondingly cut down in order to reduce 
the pipe Mach number and consequent losses. 
tors (colloquially termed “mice”) welded around the periphery. 
In contrast, the supersonic turbojet 
cated type of nozzle, of the convergent-di t (or con-di) 
} motor. In such a nozzle the flow is restricted by a throat and is 
then expanded in a supersonic divergent portion so that, as the 
pressure returns to that of the surrounding atmosphere, the jet 
is accelerated to a very ~ - indeed 
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values might be 0.4 and 2.0. Where the pressure ratio across the 
nozzle (i.e. the ratio of the jet-pressure upstream of the nozzle to 
that of the free atmosphere) is less than a certain critical value 


nozzle accordingly chokes, just as would a wind tunnel or any 
other duct. Further increase in pressure ratio is not rewarded 
by additional thrust, since the engine can know nothing of the 


and i diffuser 


and venturi being reversed in comparison with subsonic flow. 
In subsonic convergent-type nozzles the effective thrust is the 
sum of the change in momentum of flow through the engine (the 
final momentum being measured at the nozzie) plus a force due 


nozzle). In the hypothetical VG engine provision must 
made for varying the area of the intake, ae ged yp 


centpe-body spike and intake lip, the area 
the 


be necessery in the angle of the intake guide vanes 
variables wi ve to be tied together with absolute 
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(if fitted) and/or the com stator blades. To make matters 
the will ha 
and 
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i nozzle 
essential. Even with such a nozzle, flexible walls would be 
needed to match the duct-contour to all conditions of operation. 
The con-di nozzle runs choked, so that the addition of a divergent 
portion has no effect on the engine but only on the resultant thrust. 
If the flow through the divergent portion is to be expanded 
right down to atmospheric pressure, the final nozzle-diameter 


ing of the VG es inward 
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ment of a con-di nozzle with sufficient range of throat adjustment : i 
to permit reheating without increasing the turbine inlet re 
temperature. 
there is no advantage in employing a con-di nozzle, the present Supersonic turbojets in manned aircraft will have to operate - 
subsonic nozzle being adequate. At this critical pressure ratio under extremely varied conditions of forward speed, ambient 
the maximum flow velocity in the nozzle becomes sonic and the and ram temperatures and pressures, and rates of fuel and air 
supply. At present our “all-can-do” engines seldom require es 
mechanical complication of the variable-geometry type, beyond ; 
var 
pe 
nozzle throa hed by 
the jet in the propelling It is also possible that some tt 
is always in the correct geometry for each operating condition. 5 
The sketch at the foot of this page shows what may be necessary. 4 
almost as great as that which could be obtained with full expan- At take-off, for example, maximum thrust will require a very ie 
sion of the jet down to atmospheric pressure but at high super- high flow of fuel and dense air, although the ram pressure and lag 
sonic Mach numbers the two thrusts diverge increasingly rapidly, temperature rise will be zero. For this condition the engine 
obviously i a high swallowing ability, so the intake has 
moving the lip forward (the latter, of course, need not be 3 
circular). Even with the intake opened as wide as possible, 
the fact that its lip has a knife-edge greatly reduces the efficiency 
at low forward speeds (a bell-mouth would offer a great im- 
provement), and it therefore seems necessary to provide addi- eS 
Guile if fact, in an cngine tional intake area in the walls of the diffuser. In the large draw- 
for Mach 2.5 at high altitude with reheat, the complete nozzle ee," doors are depicted; ‘ 
will be larger than the engine itself, and the shape of the cowling f the intake lip and front ear 
would be such that it would have a steady increase in diameter cowling can be made to provide additional area automatically, 
from front to rear and a consequent adverse pressure drag cver as shown in a small detail sketch C above. To some extent this -. 
its entire outer surface. This drag would counteract much of arrangement resembles the plenum-chamber doors of several She 
the gain in thrust, so it is logical to cut back the nozzle to a contemporary aircraft. It would seem desirable to retain this 
cent in liameter. Nevertheless, even a partially ex- F 
panded nozzle of this type lies well outside the normal diameter 
of the engine. It emphasizes the fact that, although frontal area temperature; 5, ©, 0, entry 
pressure or Mach number; E, intake guide-vane angle; F, fuel flow; 
is a major criterion in supersonic flight, there seems little point G. turbine-inlet 
im trying to make the basic engine as slim as possible. On the 
other hand, of course, any spare volume between the engine ee omer die cmap rd by the ” 3 ot X 
and its cowling can usually be put to good use. peremeters ere together automatically bleck box - 

It is naturally to be expected that designers will construct Oe ja 
their engines to be both functionally and structurally safe at the ~— ii >a 
altitude rating in order to minimize the size and weight of the | ect ; 
installation. As a result it is possible that the sea-level thrust 
might be on the low side for the size, or at least frontal area, of wil) ‘a iat 
each unit. One can visualize the employment of moderate reheat 
up to a final nozzle diameter not greater than that of the maximum ———— a —OUrT ie 
be influenced in his aims by what he can achieve in the develop- : ane 
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additional intake area until the indicated forward speed has 
reached something like 300 kt. 

With a highly loaded supersonic aircraft the take-off accelera- 
tion should be a maximum, and it is therefore probable that 
the afterburner would be used. Since, in this condition, the 
pressure ratio of the nozzle would be low, the maximum- 
diameter part of the nozzle should be pulled forward, or other- 
wise counteracted, to prevent excessive expansion of the jet. 
If the jet were allowed to “adhere” to the nozzle wall and expand 
right through the diverging portion it would reach a sub- 
atmospheric pressure, resulting in considerable loss in thrust and 
efficiency. It is probable that the minimum diameter of the 
throat would be slightly restricted in the take-off regime. 

In a subsonic cruise condition at high altitude the cross- 
sectional areas of the intake and the nozzle should both be main- 
tained at a maximum, in spite of the much-reduced mass flow. 
The latter is largely a function of air density which, in cruising 
flight, may be scarcely one-tenth cf the sea-level value; yet 
the chief reason for the variable geometry of the powerplant is 
to enable the various portions to be properly matched over a 
wide range of intake temperature. The variable nozzle, for ex- 
ample, helps to keep the intake and the compressor in proper 
equilibrium, and in subsonic cruise the throat diameter would 
be a minimum. There are several methods, both mechanical and 
aerodynamic, for restricting throat diameter. In the hypothetical 
example compressor-bleed air is injected just upstream of the 
throat, through a forward-facing annular slit. is causes the 
jet to leave the nozzle wall and artificially constricts the throat 
diameter. 

Where operational requirements call for a “dash” at high 
supersonic speed the picture is completely altered. As the engine 
is then moving through the air faster than air disturbances can 
travel, the intake can swallow only the air ahead of the aircraft 
contained in a column of substantially the same size and shape 
as the intake lip. This contention is valid irrespective of the con- 
ditions which may apply inside the engine. Furthermore, the 
engine will swallow this amount correctly at only one geometrical 
condition. Owing to the presence of regions of supersonic flow 
within the werplant, the intake and nozzle can be treated 
separately ( (altho hough both must be correctly adjusted for proper 
performance). 

The intake shock system must be such that the inclined 
shock-cone focuses within an inch or two of the intake lip. To 
achieve this the centre-body spike must be extended forward in 
relation to the intake lip so that as the inclined shock-cone leans 
back more acutely (with increase in Mach number) this correct 
focus is maintained. The consequent reduction in intake area 
has little effect on the swallowing unless the intake annulus area 
is reduced beyond the bottom limit for passage of the required 
mass flow; in the latter case of course, considerable spillage 
would occur. Meanwhile, all portions of the nozzle should be 
opened out, both to balance the increased flow and velocity 
occasioned by the use of the afterburner, and to allow proper 
expansion of the jet through the maximum-size divergent nozzle, 
according to the nozzle pressure ratio appropriate to the flight 
Mach number. 

In the VG engine the pressure ratio is about 7:1, and blow-off 
or v-i. stators may be necessary during the starting cycle if 
the flow through the compressor is to build up rapidly and 
smoothly. It also seems likely that, in case an engine were to fail 
at maximum flight speed, some means will have to be provided 
to allow air swallowed by the intake to spill overboard with the 
minimum pressure drop and drag. Were such a failure to be 
suffered, extreme deceleration of the aircraft could not be 
svoided. It is also worth noting that, as one of the best places 
for a supersonic engine is the wing tip, failure in engines so dis- 
posed immediately creates a severe asymmetric problem. Intake- 


lip spillage could also lead to severe airframe buffeting and even 
loss of control. 


THE FG TURBOJET: This 
engine, which is described in 
the text above, is intended for a 
the “all-supersonic” aircraft. ‘ 
There ore, therefore, few com- 

pressor stages ond the intake 

and nozzle are not variable. 
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Hight bursting strength is an obvious requirement of an engine 
intended for very high speed at low altitude. Quite a convincing 
case can be made for a low-altitude attack aeroplane capable 
of coming in under radar cover at around Mach 2. Any turbojet 
for such duty would have to accept immense flows of fuel and 
air as well as extremely high internal pressures. Where high 
speed is required only at high altitude the requirements are much 
less rigorous. In fact, such engines as the Avon, Olympus and 
Sapphire have already shown that they are capable of operating 
at sonic speed near sea-level, and they are therefore quite able 
to push an aircraft at Mach 2 at, or above, the tropopause with- 
out exceeding any design limits. 


The “All Supersonic Engine” 

Unfortunately, it is apparent that the compromise subsonic/ 
supersonic aeroplane can never be quite as good at any Mach 
number as one designed specifically for either subsonic or super- 
sonic operation flying at its design Mach number. Although 
this is a sweeping contention, it is incontravertibly borne out by 
an appraisal of the des gn of particular types of high-speed air- 
craft. There is, therefore, a considerable case for an aircraft 
designed for mission C (in the diagram on page 560) which 
accclerates to supersonic speed and stays there for almost the 
whole of each flight. Such a flight plan can best be met by a 
powerplant quite different from the “comp!ex variable” already 
described 

A turbojet suitable for the all-supersonic aeroplane is illus- 
trated here (henceforth termed the FG engine). Even this simple 
drawing reveals that much can be discarded as a result of ignor- 
ing the special requirements of subsonic flight. For example, the 
built-in pressure ratio can be quite low, since by far the greater 
proportion of compress:on will be provided by ramming at the 
intake. This fact alone makes possible a singularly short com- 
pressor, with perhaps only three or four stages. This not only 
eases the problems of obtaining adequate rigidity and strength 
but could easily save a ton in weight on a 30,000 Ib-thrust engine. 

In fact, engines may not become as large as this. At the start 
of the description of the hypothetical VG engine it was suggested 
that engines might go up to 50,000 Ib thrust, but this seems 
very unlikely. Even employing a high-throughput compressor 
(of, say, 34 Ib/sec per square foot of annular intake area), a 
turbine intake temperature of 1,300 deg K and titanium back as 
far as the centre bearing, such a turbojet would tip the scales at 
at least 12,500 Ib. Furthermore the problem of altitude-testing, 
with means for supplying ram-air, would be insoluble with 
presently envisaged equipment. Possibly, units of about 15,000 Ib 
thrust will be preferable, installed in multiple groups. 

Further spectacular reductions in weight, complexity and bulk 
must accrue from the employment of a fixed-geometry intake and 

propelling nozzle. Both these components are designed to give 
peak efficiency at the supersonic cruising speed, and it is there- 
fore inevitable that the take-off thrust and subsonic performance 
generally will be well down on what could be achieved by a 
variable-geometry powerplant. gFor this reason a rocket may 
prove worthwhile for the take-off and climb. Nevertheless it is 
still clear that the FG all-supersonic engine has a place in several 
future roles, and one of the most obvious is the long-range turbojet 
missile (in which subsonic behaviour is unimportant). 

It should be much easier to design an FG engine for Mach 3 
than to try to evolve a variable-geometry system suitable for all 
types of flying between Mach 2.5 and 100 kt. It is also probable 
that the FG intake could show better efficiency, for it is likely 
to approach closer to the ideal performance of such theoretical 
intakes as that of Oswatitsch in which the flow is slowed up in 
a three-dimensional assortment of infinitely weak Mach wavelets 
produced by a central ogive of optimum shape. Idealized types 
of intake are, however, liable to great penalties arising from 
off-design operation than are suitably chosen two- or three- 
shock assemblies. For this reason the latter may in practice be 
more attractive to a designer faced with the problem of match- 
ing his intake to the requirements of a broad Mach spectrum. 

Actually, at Mach 2.5 a fairly simple design of two-shock in- 
take has recovered a pressure ratio of 12.76: 1 from an isentropic 
(theoretical maximum) of about 17:1. This performance is 
likely to be adequate for most future aircraft, although it will 
be subject to rapid deterioration when subjected to more than 
about 5 deg of either yaw or pitch. As already briefly noted, this 
results from the fact that the critical geometry of the shock- 
system will largely break down and the centre body will throw 
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“SKEETER” Mk. 


BECAUSE - 


All maintenance can be done from ground level, except The engine of ‘One Hour Power’ rating gives consistent 
for the main rotor hub which is reached by using footholds 
on the helicopter structure. 

The handling qualities, due in part to its three- 

bladed fully articulated rotor, are just those found 

in the larger types of helicopter. It is not difficult A manual control of the centrifugal clutch prevents 
to fly, and the manoeuvrability is exceptional. overloading of the rotor system when starting. 


The throttle may readily be disconnected from the These are some of the features of the Skeeter helicopter 
collective pitch lever, permitting practice autorotative which commend it for its chosen duties. Each of them 
landings without stopping the engine, and the contributes towards the economy which is a feature of its 
engine may safely be left running on the ground. initial and operating costs. 
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UNPARALLELED ACHIEVEMENTS 


Squadron Leader J. F. Fifield, D.F.C., A.F.C., 
made aviation history when he successfully 
ejected from a Meteor aircraft at runway level 


during September and again the following month 
at an altitude of more than 40,000 feet. 


| ‘pioneer designers of the ejection seat =—=s—> 
| 
4 
wg Martin-Baker Fully Automatic Ejection Seats 
‘ were used for both tests, proving yet again 
c that these seats are undoubtedly the finest in 
the world of aviation. 
4 
‘ NOTE TO AIRCREW: 
The Seat used for the runway ejection was 
fitted with modified dime release, not yet in- 
corporated in Service equipment. 
MARTIA-BAKER 
§ a 
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a “shadow” across the intake. On the other hand, this may be 
less of a problem than it sounds, since something would have 
to be radically wrong before a Mach 2.5 aircraft ceased to point 
pretty accurately in the direction in which it was travelling 
(failure of a wing-tip engine would, however, put the te 
engine right off-design). Greater yaw and pitch may en- 
countered at extreme altitude (North American Aviation’s X-15 
is to take a pilot to about 540,000ft) but this is a clear case for 
rocket propulsion, so intake problems will not arise. Re 
One of the main factors in the design of large supersonic in- 
takes is weight. It is perhaps even more important to achieve 
a low specific weight in the intake than in the rest of the 
engine. It seems if the intake can be compromised by 
being made to act as part of the primary airframe. Although 
there are many possible types of supersonic-turbojet installations, 
one of the governing factors is that the powerplant should be so 
disposed as to cause minimum interference to the aircraft, and 
also approach as nearly as possible to the ideal arrangement of 
through the engine. 


be uncompromised; and, in spite of the valuable space occupied 
by ducting, the direct nose intake is one of the best all-round 
solutions. Some forms of elephant-car or other lateral intakes 
may be characteristic only of transonic aircraft, although wing- 


As noted in the text 
below it is possible 
to obtain quite good 
efficiency with 
lateral intakes. This 
sketch of the Lock- 


root intakes can retain good efficiency up to quite high super- 
sonic Mach numbers. 
It is, however, quite possible to achieve good results from 
laterally disposed intakes even at Mach numbers in excess of 
2. One of the best forms of lateral intake is used in the Lock- 
heed F-104A, and consists essentially of a direct pitot intake (like 
that of the VG engine) split into left and right halves, each half 
retaining a semi-circular-section half-spike to cause an inclined 
shock to form. The inner wall of the intake naturally has to 
be moved away from the mould line of the fuselage in order 
to spill the boundary layer overboard, as illustrated above. | 
Nacelle-mounted or podded engines pose an acute design 
at high supersonic speeds, and may also give rise to 
additional interference drag. On the other hand, Mae Pg 
appear exceptionally attractive on several counts. ike the 
installation, the wing-tip engine can achieve maximum 
intake performance; and it should be possible to attain opumum 
efficiency throughout the gas-path right back to the propelling 
nozzle. Conversely, such an. arrangement means that engine 
failure would introduce an overwhelming yawing couple, and 
even in cruising flight the thrusts on each wing tp would need 
to be accurately matched. 4 
As already noted, the wholly supersonic compressor may be 
. Nevertheless, it is certain that the com- 
G engine will, in the early stages at least, be 
ions of the blades. 
ign and manufacture 


pressure 
combustion pressure at the level necessary for easy and 
le burning. The worst case of all would be a “loiter” at 


engine the problems of combining variable areas with the con- 
vergent/divergent layout, coupled with the high operating tem- 
ture, are sufficiently great to need no emphasizing. The 

G supersonic engine is fundamentally penalized from the out- 
set in all subsonic operation, and so it pays hands-down to use 
an uncompromised con-di nozzle. Where the remainder of the 


require only two 
unit will certainly 
Bearing-cooling systems will need to have a 
much higher capacity than any yet seen, and it is probable that 
some increase in bearing temperature will have to be accepted. 
Maintenance of the correct flow of oil will be vital and it is also 
clear that further improvements, even if only slight, will be neces- 
sary in the properties of the oils themselves. Present synthetic 
turbo oils are capable of operating at up to 280 deg C (ie. they 
would work quite well in a domestic oven). Minimum internal 
temperatures in the supersonic engine will probably exceed 
400 deg C, and the bearing-oil may therefore have to be assisted 
by passing a proportion of the engine fuel supply through the 
bearings or surrounding structure so as to increase the rate at 
which heat is extracted. Cooling of the oil can effectively be done 
in a fuel/oil heat exchanger, which not only utilizes the con- 
siderable heat-sink of the fuel but incurs no . Alternatively, 
it may be necessary to perform this function with air from a 
cold-air unit, which could also be used for bearing pressuriza- 
tion. This method, however, involves the provision of a ram- 
intake and consequent drag. 

It is never easy to grasp the idea of an aircraft in which the 
minimum temperature is so high (excluding the small space occu- 
pied by the human crew, which must be refrigerated by a closed- 
circuit system). Even when the outside atmosphere is as cold as 
—70 deg C (i.e., about 200 deg K) it is not possible to take any 
of this air aboard a 1,500-m.p.h. aircraft without heating it uncom- 
fortably in the process. If, in addition, the air goes the 
engine compressor it can quite well reach a temperature which 

cause to glow at least a dull red; hardly the best sort 
of airflow to employ as a cooling-agent, yet for many purposes— 
such as cooling the turbine disc /or blades—there seems to be 
no alternative. 

In body or wing-tip installations it is by no means easy to 
determine what is “engine” and what is “airframe” in view of the 
fact that much of the powerplant will have to be built along 
airframe lines. Two semi-invariables are the locations and geo- 
metries of the intake lip and propelling nozzle, and the designer 
(presumably the ai designer) has to draw a minimum-drag 
envelope joining the two. Any sort of supersonic turbojet that 
the author can seriously contemplate would fall well inside such 
an envelope, so that a secondary structure is necessary to carry the 
skin. Most of the structure would be in steel or a titanium alloy, 
owing to the fairly high operating temperature. 

It is not difficult to visualize suitable mechanical arrangements 
for moving the “variable” parts of a VG engine. The intake bullet 
and propelling nozzle may need to be capable of considerable 
angular or axial travel—at times against an appreciable load— 
and they must be constrained by a rigid guiding mechanism. 

One possible method of actuation which would not be subject 
to severe temperature limitations is the employment of com- 
pressor-delivery air. This could be used either to actuate con- 
ventional rams or—and this seems to be a preferable system—to 
employ bleed air supplied to fixed-di tt pneumatic motors 


and of cach Sight the wil be 
stab 
high altitude, and if this was made a definite requirement the ; 
engine would certainly have to be a high pressure, VG unit of Bs 
the type previously discussed at length. Nevertheless, should the - 
constant-Mach aircraft ever have to slow up to below a certain Pe 
critical ¢.a.s. (perhaps through partial engine failure) the pilot r 
may find it difficult to keep the fires alight. ; 
The FG propelling nozzle should prove to be a mg, 

Engines mounted in the fuselage are likely to remain attrac- straightforward, if bulky, piece of ironmongery. In the V a 
tive, since the extreme body fineness ratios now known to be oe 
efficient at high supersonic speed will provide plenty of internal ; 
volume with minimum frontal area. In all cases the intake must 
pe powerplant is tailored to a particular supersonic Mach number 

no difficulty should attach to the evolution of a nozzle which ee 
fits both the airframe and the thermodynamic cycle of the engine, Bas 
apart from the fact that it will sometimes not be possible to % 
accommodate a fully expanded nozzle without incurring too much 
’ s adverse pressure drag on the airframe ae 
heed F-104A port 
intake shows the 
boundary-layer pas- 
sages inboard of the ; 
intake proper and 
also depicts the 
Aa shock -forming centre- 
al is movable, to obtain 
good results at all 
speeds, and is auto- a 
matically controlled. 
and the author would not like to suggest what form they would te 
take beyond stating the fairly evident facts that their thickness/ i 
chord ratio will be less than five per cent and their profile will I: 
be composed of flat surfaces joined at knife-edges in a material is 
which is unlikely to be anything but high-tensile steel. Almost * 
the only good thing that can be said of the compressor for the 
all-supersonic engine is that it will be short and light. “. 

One of the aspects in which the FG “mission-C” powerplant i 
may cause trouble is that of combustion. At the design condi- i 
tions there should be no problem, but during the inevitable ; 
periods of subsonic and low-speed flying at the beginning and es 
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driving ball-bearing screw jacks. By this means the actuating 
mechanism could be made irreversible and quite light, and the 
probable slow movement of the moving parts would be no great 
disadvantage. In the hypothetical VG engine the nozzle throat 
area is varied by injecting compressed air upstream from an 


annular slot at the throat. 

Even discounting the ible requirements of variable profile, 
perforated or slotted s, thrust-reversal and noise-suppression, 
it is not going to be easy to make efficient con-di nozzles of 
reasonable weight. The fact that the whole assembly will operate 
at almost red heat is another large straw on the designer’s back; 
and it may even be found desirable to cool the nozzle by a flow of 
fuel, as is common practice with rocket motors. The American 
Bell company have, as noted on page 588, found a way of using 
light alloy (with excellent thermal conductivity) for rocket-motor 
chambers, and efficient cooling might allow such construction in 
supersonic turbojets. 

Tn many supersonic aircraft it may be found that it would pay 
to drive a high proportion of the accessory systems from an 
auxiliary power unit remote from the main powerplant. Never- 
theless, it is clear that a considerable volume probably will be 
available between the tip of the intake bullet and the front bear- 
ing of the engine. In order to recover the maximum pressure up- 
stream of the compressor, the diffuser length may have to be as 
much as 12ft, on a large engine, and for the whole of this distance 
the central tube behind the intake centre-body will have sufficient 
diameter for all kinds of pumps, valves and electric equipment. 
Mechanical drives could readily be obtained from the front of 
the engine, probably through a gearbox. 

One important factor is that the interior of the bullet and rear- 
wards extension should be as cool as any other part of the aircraft— 
although, for certain critical items such as the majority of the 
electronics, some form of artificial cooling will be necessary. Even 
the fuel itself may need to be cooled, although how this could 
be done is by no means apparent since it is generally regarded as 
being the ultimate heat sink of the aircraft. The point must be 
faced, however, that the mean temperature-rise across the intake 
and compressor may be as much as 500 deg C and if the fuel were 
already warm from skin-friction heat transmitted through the 
airframe, excessive vapour pressures would result. This in turn 
could cause trouble in the seals, pumps and control system, par- 
ticularly at high altitudes when the ambient pressure is very low 
and the fuel flow is much reduced 

In this respect, therefore, the problem resolves itself into oppos- 
ing factors: the need to employ a fuel which readily vaporizes 


Two recent, and highly successful, super- 
sonic aircraft are the Fairey F.D.2 (right), 
holder of the World Speed Record at 1,132 
mph, and the Chance Vought XF8U 
Crusader (below), also a 1,000 m.p.h.-plus 
aircraft, designed as a fighter for the U.S. 
Novy. The former has sharp-edged wing- 
root intakes; the latter has a double-shock 
chin-intake. Both are powered by a single, 
“partly variable” afterburning turbojet. 
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and burns in a high-velocity airflow conflicts wi 
for com be steed in 0 hes 
through hot pipes without aeration or va tion. 
tively distant future (say beyond 1965) these problems f hydro. 
carbon liquid fuels may be only of historical interest Lt atten- 
tion is being increasingly devoted to entirely new types of fuel. 
Most of the lighter metals have at one time or another been 
investigated to determine their suitability for employment as a 
fuel for heat engines. In particular, lithium and aluminium are 
at present the centre of a great deal of activity, and an article on 
the use of aluminium as an aircraft fuel was published by us on 
November 21st, 1952. In the U.S.A., and probably in Great 
Britain, extensive research programmes are afoot aimed at the 
ultimate employment of such metals, either in a finely divided 
form as a powder or as a “slurry” mixed with a liquid fuel, or as 
strip or wire fed from a coil. Other work is going ahead with com- 
pounds of boron, of which boron hydride is outstandingly attrac- 
tive. The Boeing Airplane Company envisage the use of this fuel, 
or ethyl borane, in their Model 110 supersonic bomber project. 
At present, at least, it looks doubtful whether the gas turbine 
in sq service will ever renounce the liquid hydrocarbon 
fuels on which it has grown up. A conclusion could be that 
sophisticated fuels will be confined to ramjets and similar con- 
trivances in which there are possibilities of greater specific heat 
release. The ramjet is a strong competitor to the turbojet in 
several fields and has a definite edge in short-life applications, in- 
cluding guided missiles, and for all applications in which per- 
formance exceeding Mach 3 is required to be matched with more 
than a very limited flight endurance. As with the turbojet, de- 
signers are raising their sights with the ramjet, and Mach 4 
is now considered well within its capabilities. Nevertheless in 
the Mach range up to about 2.5 to 2.7—which is the spectrum 
for which the h turbojets of this article are visualized— 
the ramjet be much fatter than the turbojet and of at least 


require- 


ith the 

s 


comparable weight, besides suffering from the drawback of being 
almost valueless at less than sonic speed. 

The other major aircraft prime mover, the rocket, is indispens- 
able to most missile programmes and has clear applications in 
manned aircraft where range at maximum thrust is of minor 
importance. In intercepters, propulsion can make a truly 
enormous difference to climb, manceuvrability, acceleration and, in 
particular, performance at altitude. If properly used, a rocket 
can actually reduce the quantity of fuel burned during a sortie. 

Yet in spite of the manifold prospects now unfolding for the 
application of new forms of power, the author would be quite 
happy to herald the familiar turbojet as the dominant form of 
power for manned aircraft for all flight speeds up to about three 
times that of sound. As he has attempted to show, the super- 
sonic turbojet will be quite a different animal from anything we 
have today and in most respects it will be a more intransigent one. 
Even basic bench-testing and flight-development of such power- 

ts must cause many a furrowed brow, and almost the only 
act that can be predicted with certainty is that their development 
will cost enormous sums of money. To all tax-payers this will be 
a familiar state of affairs. W.T.G. 
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interest you 


a look into this wind tunnel is a look into the future. It is typical of = ae 
the work on at Bristol now: work on the most advanced aircraft 
and engines both for the Services and for th 
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we are convinced... 


that the Superston range of bronze alloys 


that we are developing is going to solve 


a number of problems confronting engineers. 


Why! Because Superston has some remarkable 
properties. At elevated temperatures, it 

will effectively bridge the gap between the 
suitability of light alloys and the inevitability 

of temperature-resistant steels. It has good 
fatigue and creep strengths. It :aughs at 
corrosion. It can be welded‘with ease. And 

it can be supplied cast, forged, extruded, or 

in tube or sheet. There is no doubt about 

it, the applications of Superston are 


going to be numerous. 


J.STONE & CO. (CHARLTON) LTD., LONDON, S.E.7 


If you believe there will be any 
advantages in discussing with us its 

possibilities in relation to your product, 
we shall be glad to hear from you. 


TELEPHONE: GREENWICH 3277. MANCHESTER: DEANSGATE 7938. 
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Two years ago we published our first “Aero Engines of the World’ issue, partly in the nature of an 
experiment. It was well received, and we have accordingly prepared another. In the 
following 29 pages the Technical Editor summarizes the progress of every one of the 
world’s major aero-engine firms, the feature being illustrated by seventy-six drawings 
by “Flight” artist Frank Munger. 

Since the previous special number the development of the aviation engine has brought 
forth units which owe nothing to any reciprocating-engine ancestry. More remarkably, 
many of the most advanced powerplants are being successfully developed by companies 
which never built a piston engine and which in many cases did not exist as firms ten 
years ago. All the world over, impressive achievements are being realized by design teams 
wholly untrammelled by tradition—untrammelled because they have none. Surprising 
as this trend may seem, it is, like the demise of the steam locomotive, probably inevitable. 


4 
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Alvis Leonides Major: Herald powerplant in H.P.R.5 test-bed. 
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ALVIS. Alvis, Lid., Holyhead Road, Coyentry. Alone among the 
major British engine companies, Alvis are still devoting all their energy 
to the development of reciprocating engines. They have not made 
wblic even a hint of a move towards other forms of prime mover. 

is has probably been a wise policy, in that it has enabled the firm 
to produce two eminently marketable engines, which are described 
below. Admittedly = turbines are inning to encroach upon the 
“Alvis power-class” but it looks at present as if the Leonides and the 
Major will still be in production several years hence. 


Alvis Leonides Major A.L.E.M.1-2. Helicopter engine. Two-row 14-cylinder 
piston engine mounted at 35 deg (in S-55) with supercharger and direct drive with 
cooling fan. Overall Renone, Fin (basic engine); length as shown, about S5Sin: 
bore, 4.8in; stroke, 4.41in; swept volume, 1118 cu in; dry weight, approximately 


1,000 Ib; maximum rating, 850 h.p. at sea level at 2,900 r.p.m. with 8 ib/sq in boost. 
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Leonides. 
versions of this compact, 
some 500 have been delivered for the Provost programme alone, and 
new installations last year included the Twin Pioneer (two Leonides 
503/8 of 570 h.p.) the Widgeon helicopter. A unique application 
of the engine is found in the Fairey Jet Gyrodyne experimental rotary- 
wing machine, in which a Leoni drives a centrifugal compressor 
which feeds air to combustion jets at the tips of the large rotor blades. 

Leonides Major. Using cylinders almost identical with those of the 
single-row Leonides, this engine makes a very efficient and slim power- 
plant for fixed-wing aircraft and is also being extensively developed for 
a number of helicopters. One of the most important fixed-wing applica- 
tions concerns the Herald transport, in which the Majors are contained 
within low-d cowlings composed of four petals, cooling-air leaving 
through two Git-cuns on each side, with the carburettor-intake under- 
neath and the oil cooler on top. A similar oo has been pro; 
for the American Frye Safari transport. e¢ drawing shows a left-' 
rotation powerplant developed for the Whirlwind helicopter. 

Bench time now exceeds 4,000 hr. Two trial type-tests of the fixed- 
wing Major were successfully run last year and it is expected that pro- 


duction units will be fully cleared for operation in el with the 
aircraft programmes with which they are associated. ¢ engine first 
flew in the H.P.R.5 test-bed in March last year. Nine months ago four 


Majors took the prototype Herald into the air and it is in this aircraft that 
most of the hours have been logged, the behaviour generally being emin- 
ently satisfactory. Another first flight last year was that of the Whirlwind 
H.A.R.5 and two more helicopter jors (of a different type) will shortly 
fly in the fourth prototype Bristol 173, precursor of the Bristol 191. 


ARMSTRONG SIDDELEY. Armstrong Siddeley Motors, Lid., 
Parkside, Coventry. As the Hawker Siddeley Group’s main Home 
engine company, Armstrong Siddeley were pioneers of the axial gas tur- 
bine in Britain and they were also the first British firm to abandon piston- 
engine development. By the end of 1947 prototypes of every one of 
the company’s —- engines (with the a of the small Viper 
of 1950) were flying, or running on the . Each has since been 
painstakingly developed, in most cases to meet particularly arduous 
requirements, such as those of carrier-based aircraft, fighters and mili- 
tary trainers. Research, development and pre-production work takes 
place in Coventry, but bulk production of the Sapphire turbojet is the 
responsibility of a subsidiary company, Armstrong Siddeley (Brock- 
worth), Ltd., in Gloucestershire. 

During the past decade Armstrong Siddeley have led British dev: 
ment of “hot” rockets for piloted-aircraft applications, and in 1954 the 
company established a separate Rocket Division at Ansty, near Coventry, 
where research and development facilities are steadily expanding. A 
broad programme of rocket development is being pursued, +r 
various sizes and designs of motor and several combinations of 
and oxidant. 

In view of Hawker Siddeley interest in atomic power (g.v.), including 
aircraft powerplants drawing heat from a reactor, it is possible that 
Aguas Siddeley may later also become involved in this sphere 

activity. 

Sapphire. For the past two years this excellent turbojet has gone 
into wide R.A.F. service in the Hunter and Javelin. Production is 
centred at Armstrong Siddeley (Brockworth), Ltd., in Gloucestershire, 
whose total output must now run into four figures. Most of the engines 
co far delivered have been to the Se.6 rating (in the bracket 8,000 to 


pull 


Armstrong Siddeley Sapphire ASSa.7. Single-shaft turbojet. Multi-stage 
compressor, U busti hamber and multi-stage turbine. Overall 
diameter, 37.4in; length as shown, 132in; dry weight (inci y wy turbo- 
starter, high-energy igniters and oi! tank), 3,075 1b; mass , and pressure 
ratio, restricted maximum thrust, 10,500/b at 8,600 r.p.m. with s.f.c. of 0.885. 


8,300 Ib) but the predominant version at present is the Sa.12. The 
latter is mechanically similar, but employs cast turbine rotor blading 
which has allowed a valuable increase in turbine-inlet temperature 
Early les of this family of 

apphires were shipped to the U.S.A. and are the subject of a licence 
agreement with Wright Aeronautical (g.v.). : 

A new family of engines has now di which, although 
still subject to security classification, exhibits such marked differences 
from its predecessors as to betray complete redesign. The compressor 
casing is longer than previously and the intake annulus area is substan- 
tially greater, from which it may be concluded that both the mass flow 
and the pressure ratio have been markedly increased. No Sapphire, 
incidentally, has ever been seen with v-i. guide vanes or blow-off valves. 
Other new features are the tapered compressor casing, an adv: 
form of hot-air de-icing, a fuel-cooled oil cooler and a reduction in the 
number of burners to 24. : 

The excellence of the new engines is emphasized by the fact that, 
although they deliver a five-figure thrust, their economy is also in 
advance of that of their rs (which were already ded as 

i ly efficient). Sa.7, the first unit of the new family, is 
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Siddeley Viper ASV.10. Trainer cubepet, Seven-stage compressor, 

annular — oa and single-stage turbine. Overall 

(basic diameter, 23.2in); overall ty about 70in; mass flow, 

Dien, Ib/sec: pressure ratio, approximately 4:1; dry weight, 570 Ib; maximum thrust, 
2,000 Ib at 13,800 r.p.m. "with s.f.c. of 1.01. 


Double Mamba ASMD.3. Double turboprop. Two 
mechanically power i each driving one unit of twin co-axial 
airscrews; each power section is that of aMamba ASM.5, with ten-stage compressor, 
annular combustion chamber and three-stage turbine. Overall width, 52.8in; 
height, 44.25in; length, 98.7in; dry weight, 2,200 Ib; mass flow (total), 37 Ib/sec 

re ratio, 5381: maximum rating, 3,035 e.h.p. (2,740 s.h.p.+770 ib) at 
5,000 r.p.m. with s.f.c. of 0.71. This engine is cleared to run on ship's diesel fuel. 


placed in production, considerable development has 
from both the original and the new 
y reported that the Sa.7 with after- 
The Sapphire afterburner incorporates 
unusual design features such as vaporizing fuel burners. In the design 
of this unit Armstrong Siddeley co-operated with Dowty Fuel Systems, 
Ltd., who supply the ENG.181 reheat and ENG.224 throttle con- 
trol which gives rise to the supposition ¢ boost is infinitely variable. 
a ent Sapphires with fixed-orifice afterburners have been flying 
tras for some two years and a more advanced installation is 
ates prototype English Electric P.1. 
Viper. Originally a short-life engine for the Australian Jindivik 
target, major production applications now extend to other fields including 
iloted aircraft, chief among which is the Jet Provost basic trainer. 
ly powerplants like the Viper 101 (ASV.5) were rated at 1,640 Ib 
thrust. Later developments showed that the ASV.5 (13,400 r.p.m.) or 8 
(13,800 r.p.m.) could be o ted at increased temperatures to permit 
a revised ra’ of 2,000 Ib, but for piloted trainer applications a very 
long and trouble-free life is essential, and this led to the ASV.10. 
Although fitting the same space-envelope as its predecessors, the 
mass flow has been increased 32 to 42 Ib/sec at 13,400 r.p.m. 
At the same time the opportunity has been taken to redesign the 
compressor along the lines of the latest Sapphires with blades mounted 
on discs carried on a central er new features are the 
Sapphire-type combustion chamber back-plate with 24 burners and 
the provision for an accessory take-off from the nose (and not from 
the side as previously). Another unit is the ASV.11 which is an 


Armstrong Siddeley Sapphire 
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increased-flow Viper run at greater top temperatures and rated at 
2,460 Ib thrust yet weighing no more than the ASV.10. Various L 
of Viper have been developed with afterburners, and inde, 
development of such powerplants is now being carried out by 
in France (g.v.). 

Production Viper ASV.3s are being exported to the U.S.A. for the 

indivik mme of East Coast Aeronautics, Inc. Their import is 
dled rtiss-W right, who are likely to licence-produce the Viper 

should haw Jindivik orders be placed by the U.S. services. 

Double Mamba. Consisting of two Mamba power sections each 
coupled to its own half of a double, co-axial airscrew unit, this unique 
powerplant provides high take-off power (for the Gannet search/strike 
aircraft) as well as facilitating an efficient and straight-forward single- 
engine cruise procedure. The first production unit, designated ASMD.1, 
is now extensively used by the Royal Navy and R.A.N. who are well 
pleased with its behaviour. Production of the ASMD.1 is shortly to 
= way to the ASMD.3, each — section of which is designated 

mba 5 and resembles the ASM.6 without the added zero-stage on 
the compressor. The ASMD.3 was fully type-tested last summer. 

Brief mention may also be made of the ASMD. 4 which broadly con- 
sists of a pair of Mamba 6 power sections, but introduces a completely 
new front-end with a lower thrust line. In view of the performance of 
the later Mambas, it appears that it should not be impossible to have a 
4,000-h.p. Double Mamba in service before very long. 

Mamba. This name relates to a series of medium-power turboprops 
which began after World War 2 at less than 1,000 e.h.p. and now 
includes units delivering almost twice this amount and with outstanding 
efficiency. Of the present units the most important is the ASM.6, 
to which rating production deliveries have been made for the Seamew 
for over a year. These production engines have consistently bettered 
the “brochure figures” quoted beneath the drawing. 

Compared with earlier Mambas, a zero-stage has been added to the 
compressor (resulting in a longer casing). The vaporizing combustion 
chamber is of the truly annular variety and the turbine has a third stage 
added (again increasing the casing length). Special features include a 
twin-breech cartridge starter, a ventral oil tank, full de-icing, an airscrew 
brake and a drive for a remote accessory box. Generally similar is the 
civil Mamba 7 which is characterized by very low s.f.c. It can be 
stated that the 1,650 s.h.p. rating is by no means the ultimate, and it 
may be expected that later military Mambas will be yet more powerful. 

Python. The first large turboprop in the world to enter operational 
service—in the arduous duty of powering a carrier-based attack fighter 


Armstrong Siddeley Mamba ASM.6. Single-shaft turboprop. Eleven-stage 

compressor, and three-stage turbine. Overall 

diameter, 33in (basic diameter, 29in): length as shown, 90.2in; dry weight, 951 Ib; 

mass flow, over 20 Ib/sec; pressure ratio, about 6:1; maximum ratin 1770 e.h.p. 
(1,650 s.h.p. + Ib) at 15,000 r.p.m. with s.f.c. below 0 0.685." 


—the 4,110-e.h.p. Python is no longer in production. Now highly 
developed and* quite popular with its pilots, its features ude 
separate, reverse-flow, vaporizing combustion chambers, a torque- 
meter, a brake for the concentric airscrew shafts and an air, electric 
or cartridge starter. 

Rocket Motors. It is now ten years since Armstrong Sidd 
began the development of pump-fed, liquid-o 
motors. The first project was the Snarler, a 2, 


Motors 
t rocket 
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Blackburn-Turboméca: Twin Turmo display model. 
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intended for installation in aircraft already powered by a turbojet, a 
shaft from the latter being used to drive the rocket propellant =. 
Early Snarlers were flown in a Hawker prototype in 1950, 
production was ordered. 

Its immediate successor, the Screamer, is a considerably more power- 
ful and advanced unit. No details of this motor may be published, 
but the design owes much to the experience gained with its predecessor. 
Screamers have been on bench tests for many months but no further 
details of the progress of this unit, or later motors, are available. 


BLACKBURN. The Engine Division of the Blackburn and General 
Aircraft Company, Ltd., Brough, East Yorks. Production of Cirrus 
piston engines, famous for over 30 years, is now at a low level, although 
the development and delivery of direct-injection Bombardiers for Ser- 
vice use remains a prime responsibility. 

For four years the company have held licences wd them to 
develop and manufacture small gas turbines of basic Turbo a design. 
The turbojets of this family have been built in small numbers without 
significant alteration from the French original, but the other engines 
have been subjected to extensive re-design. This is now largely com- 
plete, and the company consequently have several types of highly 
developed gas turbines virtually ready for production. Many com- 
ponents have been made common to two or more types of engine and 
two complete ranges, known as the 500- and 600-series, have been 
evolved with mass flows in the ratio of 4.7:7.2. The reduced-flow 
500-series have better aerodynamic efficiency and consequently im- 
proved s.f.c. and are finding wide acceptance in various (mainly non- 
aeronautical) fields. 

It is the company’s intention eventually to offer a complete series 
of jet, turboprop, air-compressor or shaft-drive (single-shaft or free- 
turbine) units for all powers from about 200 to 1,000 h.p. or above. 
Considerable effort, and careful detail design, is hoped to provide the 
company’s gas turbines with unusually long life, the target (ultimately) 
being a 2,000-hr overhaul period. 

Marboré. Larger than the standardized range of engines developed 
at Brough, this turbojet is ore erally similar to units produced by 
Turboméca and Continental (U.S.A.). It is not at present being made 
by Blackburn but it is a specified powerplant for the Miles Student 
trainer. 

Palas. As the basic unit of the Blackburn-Turboméca range, this 
simple turbojet is substantially the same as the French ine of the 
same name; the chief difference is that, like other Blackburn- Turboméca 
engines, the front end is completely different, with twin intake ducts, 
an integral oil tank and upper and lower wheel-cases providing for eight 
accessory positions. No production has been ordered but the engine 
is used in the Somers-Kendall S.K.1, the Miles Sparrowjet and the 
Short Sherpa. The Palas may also be employed in a subsonic drone. 

Palouste. In this engine a 600-size compressor is matched with a 
500-size combustion chamber and turbine, the excess delivery of air 
being extracted through a circumferential volute and large-diameter 
pipe. In its first British application the Palouste is used for helicopter 
propulsion, compressed air led to pressure jets at the tips of the 
rotor blades. In the Fairey Ultra-Light helicopter fuel is also burned 
in these jets, substantially to increase the rotor horsepower.. A small 
run of Palouste powerplants was required by this programme. 
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A production line 1s now in hand of Paloustes for installation in 
starter trolleys for the supply of air to pneumatic starters in advanced 
types of carrier-based aircraft. These starter units will also be delivered 
as airborne nacelles which will accompany the aircraft to forward bases. 
Paloustes are also employed to supply compressed air to wind tunnels. 

Artouste. In effect this is a single-shaft engine consisting of a Palas 
turbojet with an additional turbine stage and a reduction gear (of 
which three ratios are available) mounted on the front. Production 
deliveries may be made of the Artouste 610 for use as an airborne 
auxiliary powerplant (A.A.P.P.) for a large British military aircraft. It 
is also probable that the French turboprop derivative (named Marcadau) 
will be paralleled by Blackburn in either the 500 or 600 version. This 
engine is being used experimentally by the Royal Navy for emergency 
generating. 

Turmo. This free-turbine engine is virtually an Artouste with the 
gearbox relocated at the rear end and driven by a mechanically indepen- 
dent turbine stage. The same variety of reduction-gear ratios are 
available as in the Artouste and additional g can be incorporated 
to fit the engine to the needs of fixed-wing a ms or a 
Exhaust gas is taken out through a diagonal p + pA 
and the reduction gear. The Turmo is expected to many 
applications and one may also be installed in a racing car. 

Twin Turmo. A Ministry contract was granted to Blackburn for a 
coupled Turmo with an initial rating (BnTC.1) of 908 s.h.p. In this 
unit a pair of Turmos are connected to a common reduction gear with 
the exhaust stacks toed outwards on either side. A special powerplant 
was developed for the S-55 helicopter, the installation at an Lo 
of about 35 deg to the horizon In this aircraft the Turmo would 


not only reduce the empty weight and increase the power but would 
allow flight on either power section, either in emergency or as a standard 
procedure for long-range cruising. The programme was, however, 


Biackburn-Turboméca Turmo (BnT.1 rating). Free-turbine 

engine. Single-sided centrifugal com 

rotating fuel-injection nozzles, and single-stage turbine. Additional turbine sage 

added at rear, driving the reduction gear and output coupling. Overall wid 

17.1in height, 21in; length, 46.12in; dry weight, with typical reduction-gear ratio, 

281 Ib; mass flow (Turmo 600), 7.19 ib/sec; pressure ratio, 4.12:1; maximum power, 
450 b.h.p. at 36,000 r.p.m. with s.f.c. of 1.04 Ib/he/b.h.p. ; 


cancelled earlier this year in an attempt to reduce Government 
expenditure. 

Cirrus Bombardier. Almost entirely a post-war development, the 
Bombardier is one of the most refined and attractive units in its class. 
Not only does it make use of the most modern materials and techniques, 
but the Bombardier is fitted for direct fuel injection to the cylinder 
heads, single-lever control and, for so small an engine, can mount an 
unusual variety of accessories including a cartridge starter and a 
constant-speed unit. 

It is in limited production for the British Arm and for the ~~ 
Government for installation in the Auster A.O.P.9, and a 
tract was recently received from the Ministry of Supply. at j— 
service the Bombardier is rated at 173 h.p. on sy T. fuel, 

although considerably more than 200 “ye can be obtain ithe | higher 
octane ratings. Special versions of the Bombardier have flown in the 
Saro Skeeter helicopter. 

Cirrus Minor. Many existing Minor IIs are being modified to the 
Minor IIA standard. is incorporates all the latest design changes 
including a redesigned flat to the crankcase. The basic engine was 
described, together with the er Cirrus Major, on April 9th, 1954. 


BRISTOL. Bristol Aero-Engines, Ltd., Filton, Bristol. At the 
beginning of this year, the former Engine Division of the Bristol Aero- 
plane gy was re-constituted as a separate company with the 
above name ith the exception of rockets, very large organization 
is actively engaged in every type of aircraft-engine development. Prime 
responsibility exists for some of the most advanced turbojets, turbo- 
eae and piston engines in the country, and Bristol are also leaders in 
ritain in the development of supersonic ramijets. 

Development is centred at Filton and Patchway, north of Bristol, 
where the em & have made exceptionally large capital investment 
in advanced rese development and test equipment to meet the needs 
of << in the sy already mentioned. Here, the 
large ¢ production of Rolls ce. A parts 
factory is at Sunderland, an overhaul base at Whitch and drawing 
offices in London and Cardiff. 
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Bristol Olympus 102. Split-compressor turbojet. Multi-stage low-pressure and 
high-pressure compressors driven by independent turbine stages and annular 
combustion chamber with ten burners. Diameter, 40in; length, about 125in; dry 
weight, about 3,700 Ib, equipped; mass flow and pressure ratio, restricted (reported 
to be 165 Ib/sec and 10:1 on the earlier Mk 101); maximum thrust, 12,000 Ib dry 
(r.p.m. and s.f.c., restricted, but reported to be 6,500 I-p. and 0.79 on the Mk 101). 


Bristol Orpheus (BOr.3 rating). Single-shaft turbojet. Reported to be seven- 
stage compressor, U bustion c ber and single-stage turbine. Overali 
diameter, 32.4in; length as shown (with jet pipe), 150in; dry weight, about 750 Ib: 
mass flow and pressure ratio, restricted; maximum thrust, 4.850 ib, r tedly 
with s.f.c. of 0.99. An afterburning version of this engine is being deluged. 


| 


| | 


Bristol B.E.25. Split-compressor, power-limited turboprop. Seven-stage low- 
pressure compressor, four-stage high-pressure compressor, annular combustion 
chamber with ten flame tubes, single high-pressure turbine stage and three low- 
pressure turbine stages driving low-pressure compressor and airscrew. Diameter, 
41.75in; length, 140.sn:; dry weight, equipped, 3,000 Ib; mass flow, about 86 Ib/sec; 
tye ratio, at least 10:1; maximum power (series 1), 5,050 e.h.p. (4,050 s.h.p. + 

730 ib) at 10,500 low-pressure r.p.m. maintained to 16,500ft i.s.a.; typical 
cruising figure, 3,080 e.h.p. at 350 kt at 36,000ft with s.f.c. of 0.385. 
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venture in 1953, yet the first prototype ran on December 17th, 1954, and 
a complete 150-hr type-test was successfully completed five months later. 

It is reported to be a very simple two-bearing engine with stress- 
bearing casings. The compressor has “button-on” stages and the com- 
bustion chamber is of radically new design enclosed in a wrapped and 
welded Nimonic casing with the turbine stator formed from segments of 
blades welded to the rear of each flame-tube. As early as last September, 
the hot portions of the engine were lifed at 800 hr. The first type-test 
was at 3,285 lb (BOr.1), and, at this initial rating, the engine first flew 
in the prototype Gnat last July. Running time now exceeds 4,000 hr, 
and the engine has flown at more than Mach 1 and at above 50,000ft. 
Ratings published include BOr.2 (4,520 Ib) and BOr.3 (4,850 Ib). A 
recent report stated that thrusts in excess of 5,000 Ib had been recorded 
with an “external fuel system” and that the engine was stall- and 
surge-free during accelerations from idling to maximum thrust in just 
under four seconds. Even greater thrusts should be achieved with jet- 
pipe augmentation, either in the form of a large afterburner or by the 
use of the B.S.R. arrangement mentioned in connection with the 
Olympus. 

The Orpheus has been chosen as a standard powerplant for NATO. 
It has been reported that the U.S. Government will pay 75 per cent 
of all development costs up to a total of £1.25m, America having 
authority to appoint licencees, but Bristol receiving a royalty on each 
engine licence-produced. The first Orpheus for the Fiat G-91 was 
delivered to Italy in January, and other aircraft scheduled to use the 
engine are the Bréguet 1001 Taon, and the Dassault Mystére 26 (twin- 
Orpheus). It is possible that the Orpheus may be the first gas turbine 
to be produced in India, associated with the Gnat airframe. There 
have also been persistent reports of a Trainer Orpheus, in which 
reduced operating stresses are claimed to have permitted a weight 
saving of over 79 Ib. 

Zeus. It has been unofficially reported that this is the name of a 
new Bristol turbojet of high thrust. Three published references speak 
of it as “a turbojet of 12,000 Ib thrust,” “reported to be of 19,000 Ib 
thrust” and “starting near the 20,000-Ib mark.” No official references 
have been made to any engine with this name. 

B.E.25. In the design of this turboprop, Bristol set out to equal, 
or better, the best reciprocating engines in all respects. At the con- 
ception of the engine in the winter of 1952-53, the underlying thoughts 
were also to achieve a cruising power of the order of 3,500 h.p. at 
30,000ft with the lowest possible specific weight, and to produce a 
turboprop capable of giving its full rated take-off power under all air- 
field conditions of altitude and temperature. 

The resulting engine is described in the accompanying data. The 
design-points are exceptionally advanced, and the weight is scarcely 
greater than that of a Proteus. Incidentally, the low-pressure com- 
pressor is aerodynamically similar to that of the Orpheus, except for 
the employment of steel blades. Basic control is provided by two 
levers, one of which is the fuel throttle controlling the speed of the 
h-p compressor assembly, and the other is connected to the c.s.u. 
and so governs the r.p.m. of the I-p (or supercharging) compressor 
and airscrew. The compressor work-split has been carefully chosen 


Bristol B.E.25: complete powerplant mounted for testing. 


with Solar Aircraft (in res of afterburners, propelling nozzles and 
other equipment) and S.N.E.C.M.A. (in respect of turbojet reverse- 
thrust mechanisms). 

Olympus. In the design of this advanced turbojet the Bristol Engine 
Division (as it then was) aimed considerably beyond anything previously 
attempted. Originally, the B.E.10 was a long-term project with long- 
range-bomber applications, and the first models established a diameter 
of 40in, weight of about 3,600 Ib, and a rated thrust of 9,140 Ib with 
an s.f.c. well below 0.8—world-beating figures six years ago. The first 
series of engines were some of the earliest to be built with a split, or 
compounded, compressor (often referred to as the two-spool arrange- 
ment), and several examples were shipped to the Curtiss-Wright Cor- 
poration, who used them as a basis for an up-rated design of their own 
designated J67 (q.v.). 

In 1954 the first service-cleared powerplant, the Olympus 101, went 
into production for the Avro Vulcan with a rating of 11,000 lb dry. 
Although equipped with every form of accessory and protection system, 
the weight is approximately the same as that of the first prototype 
engine. The 101 has now been superseded in production by the 102 
(BOL11) with a dry rating of 12,000 Ib. This engine holds the world 
altitude record at 65,890ft. Development of afterburning engines is 
presumably with a view to fighter applications. Frequent reports have 
spoken of “B.S.R.” (Bristol simplified reheat) in which fuel is injected 
into the tailpipe and used to provide limited thrust augmentation, the 
nozzle being fixed at the non-reheat area. It is known, however, that 
the co-operation with Solar Aircraft involves the development of large 
afterburners for Bristol turbojets. 

The existence has been revealed of a later series of Olympus, of which 
the first rating to be announced is BOL6. In America it has been 
stated that “the Olympus 106 and all succeeding modifications are 
designed for supersonic speeds,” and it may be this type of engine 
which will power the forthcoming Gloster twin-engined, all-weather 
intercepter. This family of engines has been unofficially reported to be 
of the 15,000 Ib-thrust class. Owing to their extremely high thrust, 
great efficiency and high degree of development, it is not surprising that 
American jet-transport manufacturers have spoken of the attraction of 
an advanced civil Olympus. 

Orpheus. All records for ae of development have been broken 
by this neat turbojet. The original B.E.26 design was begun as a private 
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so that neither compressor tends to surge whatever the speed ratio 
between the two spools. The compromise a of turbine-inlet tem- 
perature has been set at 1,000 deg K, which should give the engine 
an exceptional life. A compound-epicyclic reduction gear is fitted, in 
which the final floating annulus gear is reacted by a torque piston, the 
hydraulic pressure from the latter being balanced against fuel pressure 
at the burners to provide torque limitation. 

Most B.E.25s are deliberately power-limited, in accordance with the 
original concept, in order to provide constant maximum power under 
all take-off conditions, and also to provide very high cruising power 
for minimum weight. As the first versions of the engine are torque- 
limited at any altitude, it has been possible to employ a reduction gear 
similar to that of the Proteus, although the engine will be associated 
with a new design of airscrew with wide blades capable of transmitting 
the full cruise power at a tip-speed of only 700 ft/min. 

The first build of the engine was a complete powerplant with 
accessories and cowling. It began bench-trials late last year, and a 
number of B.E.25 prototypes have now run. During the coming winter, a 
Britannia will start the flight development of the engine, and production 
units should become available for commercial operation by 1959. 
B.O.A.C. have purchased 60 for retroactive installation in long-range 
Britannias, this being possible during major overhauls. Later versions 
of the B.E.25 are already earmarked for important applications, includ- 
ing the Bristol 187 long-range transport. The cost of the engine has 
been given in America as £45,000 which, since this factor is usually a 
function of engine weight, seems exceptionally competitive. 

Proteus. Although this large turboprop was originally designed to a 
layout which has now been generally superseded, it is justifiably a 
centre of world attraction in that it is the -first powerful turboprop to 
go into airline service. The Proteus is an exceptionally well-engineered 
and reliable engine. Behind it lies some 50,000 hr of development 
(all of which has been aimed at commercial applications) and the 
Proteus is today the only large turboprop with a completely unrestricted 
C. of A. for passenger-carrying. Apart from its basic free-turbine 
layout, features of note are the electric temperature control, hot-air 
de-icing, provision for compressor bleed for cabin-pressurization (and 
for the extraction of hot gas from the turbine section for de-icing), auto 
airscrew-synchronization, a hydraulic torquemeter incorporated in the 
double-helical reduction gear, and an overspeed decoupler for the 
power turbine. 

Present B.O.A.C. Britannia 102s are the Proteus 705, now 
rated for take-off at nw 3 Soho chp. e.h.p. (3,480 s.h.p.) at a com- 
pressor r.p.m. of 11,700. This engine meets all the original require- 
ments, and it should have plenty in hand as it is known that the top 
temperature can be increased to as high as 1,115 deg K. All other 
Britannias will have the Proteus 755, which incorporates several 
mechanical modifications and is more powerful, largely owing to an 
increase in the maximum compressor r.p.m. to 12,000. The probable 
type-test temperatures will be 1,125 deg K, with 1,080 selected for 
cruising. In the latter condition, the airscrew r.p.m. are no more than 
955. Four Proteus 755s are at present being installed in the original 
Britannia prototype. 

The existence was recently revealed of a Marine Proteus, which has 
applications in various types of high-speed Naval craft. 

New T There have been unofficial reports of a shaft- 
driving (free-turbine) derivative of the Orpheus, aimed at ——y ad 
applications. One such report describes it as having a maximum ( 
minute) rating of 2,000 s.h.p. and a cruising output of 1,600 s.h.p. The 
weight is given as 550 Ib, which seems optimistic as the basic turbojet 
weighs around 750 Ib. Bristol have never referred to such an engine. 

Piston Engines. Since World War 2, the company’s reciproca’ 
engine effort has been devoted to the advanced evelopment of hi f. 
power, air-cooled, sleeve-valve radial engines. The 14-cylinder 
cules, of which over 60,000 were delivered before 1945, remains in 
limited production with commercial ratings exceeding 2,000 h.p. and 
overhaul periods in excess of 1,000 hr. A military transport version 
of the Hercules is manufactured in France by S.N.E.C.M.A. (q.v.). 

The larger 18-cylinder Centaurus will shortly be availabie with 
direct fuel-injection into the cylinder heads (as described in the 
adjacent data panel) which confers a substantial increase in power. 
It is likely that the Centaurus 373, a military engine of the direct- 
injection family, will become the standard power unit of the Beverley, 
and the flight development of this engine is about to begin in such 
an aircraft. Bristol have a very extensive background of direct-injection 
development on the Centaurus, and the 370 series has already run a 
type-test and is in an advanced state of development. Future develop- 
ment may be aimed at increasing the power still further, without 
altering the fuel grade, by reducing the compression ratio. 

Ramiets. As most of this work is clearly directed towards the field 
of missiles and supersonic aircraft, very little has so far been made 
public. The first indication that Bristol were working on ramijets was 
provided at the S.B.A.C. static display of 1952. The company were 
then allowed to show a ramjet test vehicle (then already superseded 
by later development) in which two 7}in-diameter ramjets, with direct 
pitot intakes, were mounted on the tips of a stubby unswept aerofoil at 
the rear end of the vehicle. Launching was effected from the ground 
with rocket boosters. 

Last year, in America, A. Cdre. F. R. Banks, a director of the 
company, introduced the chief combustion engineer, Mr. R. P. Sargent, 
to an American audience by complimenting him upon the excellence 
of the ramjet which he and his colleagues were developing. A photo- 
graph recently published by the company depicts a new ramiet test 
vehicle with a double-shock intake and fuel injectors mounted on 
numerous radial struts. The unit is clearly substantially larger than 
any publicly shown, and from the geometry of the intake must be 
designed for a Mach number of at least 2.5. 
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Bristo! Proteus 755. Free-turbine cur for transports. Compressor with 
12 reverse-flow axial stages and one centrifugal stage, eight combustion chambers 
and four-stage turbine (two pairs of stages each driving the compressor and 
reduction gear). Overall diameter, 39.Sin; length as shown, 108.Sin; dry oe 
3, ib; mass flow, 47 Ib/sec; pressure ratio, 7.2:1; maximum rating, 4,140 e 

(3,670 s.h.p. + 1,220 Ib) at 12,000 compressor r.p.m. with s.f.c. of 0.6; cruising at 
30,000fc at 300kt, at per cent compressor r.p.m. and turbine r.p.m. of 9500, 

2,101 e.h.p. (1,701 s.h.p.+ 348 Ib) with s.f.c. of 0.48. 


373. engi 18-cylinder, 
ine with direct injection into the linder heads from two C.A.V. 
nine-cylinder Diameter, 55.3in over cow! seals); 
74.6in; bore, 5.75in; Tin; .270 cu in; tb; 
maximum power (wet), mer fae ,000ft at 2,800 r.p.m. wi in boost. 


Bristol 
sleeve-valve 


de Havilland Gyree _Fating). turbojet. Multi-stage com- 


pressor, 7 burners and multi-stage turbine. 

Overall diameter, 46hin; length as shown, 154in; dry weight, mass flow and 

pressure ratio, restricted (the mass flow has been reported to approach 300 !b/sec); 
initial type-test rating, 15,000 Ib thrust (r.p.m. and s.f.c., restricted). 


BUDWORTH. David Budworth, Ltd., Harwich, Essex. This 
engineering firm have evolved a 45/60 h.p. gas turbine which is about 
the ultimate in simplicity. A vaporizing, annular combustion chamber 
surrounds a radial-flow compressor and turbine mounted back-to-back 
(in contact with each other) on the end of a tubular drive to a spur 
reduction gear. Points of note are the fuel system, of very low pressure 
(which is largely self-governing according to combustion-chamber pres- 
sure), and the symmetry of the unit about the rotor axis. With a 15:1 
reduction gear the weight is 60 Ib and at 45,000 r. the output is 
60 h.p. (torque, 7 Ib-ft) for a consumption of 91 Ib/hr o of — distillate 
fuel. The possible aeronautical are self-evid 


D.H. The de Havilla:d Engine Company, Ltd., Watford, 
Herts. From the financial viewpoint, the bulk of the company’s pro- 
duction during the past decade has been made up of simple and rugged 
turbojets based on single-sided centrifugal compressors. Both the 
Goblin and Ghost remain in production at the present time. When 
the contracts for these engines finally run out the company’s great 
family of axial turbojets should be ~- ~ for production. Both the 
Gyron, the largest and most powerful aero engine yet develo in 
Britain, and its immensely attractive stable-mate, the Gyron Junior, 
are advancing rapidly in development promise to place the com- 
pany in a most competitive position. 

Piston-engine yy continues at a high level for all types of 
fixed-wing aircraft and helicopters in the small and medium sizes. 
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Now— 
Gas-turbine rings in 


Afterburner parts of Nimonic alloys 75 
and 80A for Rolls-Royce gas-turbines. 
(Left) Fully machined Nimonic 75 ring, 
mandrel-forged Daniel Doncaster 

Sons Ltd., (Centre) Nimonic 80A 
actuator pivot ring, and ( Right) Nimonic 
75 conical stop machined by Rolls-Royce. 


Nimonic alloys are used for the rotor blades of all British 
is available to assist those with problems y "sing, 8 
involving the choice of materials to resist heat-resisting alloys for other vital engine components. 
These gas-turbine rings are further examples. Produced in 
publications on Wiggin Nickel Alloys Nimonic alloys by mandrel forging and ring rolling, they 
are also available. Please write to us. 

illustrate how this exceptional series of heat-resisting nickel 
‘Nimonic’ is a Registered Trade Mark. alloys is being increasingly used throughout the aircraft 

industry. 


HENRY WIGGIN & COMPANY LIMITED wicew srecer airmincnam 1 
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The ‘Lion’ of the turbo-props 


1956-1966 will be the era of the Eland. For at least those ten years the 
Napier ELAND will lead the turbo-props, just as the old Napier LION 
led the piston-engines of its day. A confident claim? Yes—but it’s 
justified by facts. Here are the facts: 


We made the right basic decision 


From the first we decided on a single-spool turbo-prop. The advantages over a twin-spool 
were always obvious: lower weight with greater simplicity, flexibility, safety and economy. 
Yet it was an all-or-nothing decision, for everything depended on the compressor. We 
were sure we could make the compressor we needed, and events have proved us right. 
The compressor of the Eland has the highest stage-loading of any in the world— without 


tendency to surge. 


We did the right basic research 


We decided early on to go right back to fundamentals. So, in 1947, at Liverpool, we 
built the largest gas turbine research station in Europe. In it we have done 8 years’ 
continuous work on compressor and turbine design techniques. In it we have developed 
a unique engine control system which guarantees that the Eland turbines will never have 
to meet higher temperatures than they have already met for thousands of hours on 
test-bed and in the air. The performance and safety and flexibility of the Eland rest 
upon sure foundations. 


The right engine at the right moment 


Medium-haul airlines all over the world are faced with the problem of changing over to 
turbo-props in the 3,000-4,500 e.h.p. range. Elands are the imaginative, and the safe, 
answer. Because of its simplicity the Eland is inherently safe—and economical to run and 
service. Because of its flexibility it is adaptable to any and every operating condition. 
These qualities, plus small diameter and excellent power-weight ratio, make the Eland 
a good engine both for new aircraft and for conversion projects. 


| 
. 


NAPIER ELAND AIRLINER—an American Convair-Liner 340 
which we have bought from the makers and converted from 
piston-engines to Napier Eland turbo-props. With the 
increased—but quieter—take-off power available, the air- 
craft can operate at an all-up weight of 53,200 lbs. instead 
of 47,000 lbs. and can carry its maximum payload of 
12,880 lbs. over the much greater stage distance of 1,220 miles 
instead of 290 miles as in the case of the piston-engined 
version. The cruising speed is increased by 45 m.p.h. 


“The Aeroplane” Photograph 


Apart from the change of engines modifications have been 
kept to a minimum. 

The Napier Eland Airliner will be flown on route proving 
trials and demonstration tours in Europe and the U.S.A. 

In this Anglo-American enterprise we are not only demon- 
strating our confidence in the engine: we are also offering 
to the world’s many Convair operators a simple way of 
giving new life, increased revenue and greater passenger 
appeal to their aircraft—by changing to Eland turbo-props. 


Still higher powers to come 


The Eland is years in the lead—and we are not sitting back and watching that lead melt 
away. We are applying what we have learned to the development of still higher powers— 
keeping the Eland always ahead of its time. The Era of the Eland is only just beginning! 


HOW ARE YOU GOING TO USE THE ELAND 


TO YOUR ADVANTAGE? 


D. NAPIER AND SON LIMITED - LONDON - W.3. 
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“No sealing problem has ever beaten’ em!”’ 


It’s nice to be able to assure a design or planning conference that 

all problems involving adhesion or sealing are taken care of. For 20 years 
the ‘Bostik’ research team has produced the answer to every practical 
problem submitted by the aircraft and motor car industries. 

You are invited to call in a ‘Bostik’ specialist at the start of your 
projects—and to note how much time and money he saves you! 


CALL IN 


Makers of Rubber Reson Cemenis—inflammabie and non-inflammable 
Spray applied plastic coating Positi + Synthetic rubber/resin cements 
Latex rubber resin adhesives + Resin cements + Self-curing natural and synthetic rubber ts + Natural 


and synthetic rubber solutions + Natural and synthetic rubber latex + Bi pounds for sound 


deadening, sealing and coating + Heat curing plastic sealers + Pre-extruded plastic strip + Adhesives and sealing compounds resistant 
10 high and low temperatures, oil, petrol and kerosene, acids and alkalis - Cement: to a variety of Admiralty and Ministry of Supply specification:. 


B. B. CHEMICAL COMPANY LIMITED . ULVERSCROFT ROAD -. LEICESTER 
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Little can be said of current rocket development, but de Havilland are 
an acknowledged leader in this field. Steady production of Super 
Sprite a.t.o. packs continues, and larger units have also been developed. 

Business administration is centred in a new building at Leavesden 
Airfield where also are to be found the development and sales staffs, 
together with the main production factory. e chief testing and 
research centre is at the de Havilland Aircraft Company’s headquarters 
at Hatfield where the Engine company maintain exceptionally capable 
gas-dynamics and combustion laboratories. Basic design and engineer- 
ing is concentrated at Stag Lane, Edgware, where piston-engine testing 
is also undertaken. 


Ghost. Production continues on engines for various types of Venom 
fighter /bomber and all-weather fighter for air force and naval use. For 
the all-weather aircraft the Ghost 104 (48 Mk 2) was evolved with a re- 
designed front casing and gearboxes for twin 6-kW alternators; other 
equipment includes a Dowty spill-flow fuel system and a Rotax turbo- 
starter. 

Now coming into production is the engine illustrated, which gives more 
thrust for less weight and will be easier to service. The increased power 
is obtained by raising the r.p.m. and increasing the temperatures by 
as hollow turbine stator blades cooled by compressor bleed air 

turbine blades fabricated from Nimonic 95 with redesigned, pinned 
root serrations. A new design of fully-floating, box-type discharge nozzle 
has been incorporated, and other equipment includes a Lucas fuel system 
and Ultra-Lucas top-speed control. 

Goblin. Some thousands of Goblins have now been delivered for 
installation in all marks of Vampire in British service. The standard 
engine for the Vampire Trainer (for the R.A.F., Royal Navy and some 
20 foreign Be pen oy is the Goblin 35 rated at 3,500 Ib thrust. 
Deliveries of this engine are continuing. 

Gyron. Under the direction of the late Major Halford, this new- 
generation turbojet was designed as a private venture between 1950-52 
and first ran in April 1953, an M.o.S. development contract being 
placed in the same month. A pre-requisite to the design was a pains- 
taking analysis of the requirements of supersonic aircraft of the 1960s. 
It was early decided to employ only a moderate pressure ratio, partly 
to make the engine relatively short, light and rugged, but principally 
to ease the restrictions upon the rate at which fuel can be burned at 
high supersonic Mach numbers, where ram pressure and temperature 
rise are very great. 

Although the diemeter is considerable, the mass flow per unit frontal 
area is markedly greater than in engines currently in production. As a 
result the thrust is quite exceptional and there is no doubt that the 
basic engine will be capable of eventual rating at 20,000 Ib. Super- 
ficially evident features include the intake casting de-iced by com- 
pressor-bleed air and containing integral oil jackets; the compressor 
casing divided into upper and lower front and rear portions bolted 
together; an outstanding design of compressor with variable-incidence 

ide vanes at the intake; the annular combustion chamber with 17 
oo burners fed from a pair of Lucas D-type pumps under the 


intake casing; and careful disposition of accessories within the optimum 
cowl line. new accessory for this engine is a peroxide-turbine starter 
with an output rated at no less than 600 h.p. This starter was de- 
veloped by D.H. Engines, and clearly conforms with the company’s 


eo formula, in which a jet is teamed with a peroxide 
et. 

Several types of Gyron, including engines equipped with after- 
burners, are now being actively developed. Flight trials began last 
July in a Short SA.4 (up to Mach 0.85) and the engine is already linked 
to a number of major aircraft programmes. It is likely, however, that 
the Gyron will be ready for service in advance of any airframe desi 
to take it. 

Gyron Junior. Although nothing official may be published regarding 
this engine beyond the fact that it is a gas turbine and has run in 
prototype form after exceedingly rapid development, it is logical to 
assume that it is a scaled-down version of the Gyron. This is con- 
firmed by over 40 published references to it abroad, of which the 
following (from Aviation Week) is typical: “de Havilland’s pride is 
Gyron Junior DGJ.1, a scaled-down ton designed for thrusts in the 
8,000 to 11,000 Ib bracket. One of these engines is now (October) 
running on the test stand at the lower end of the design thrust range. 

“The current weight is about 1,500 Ib, a figure which should not 
increase to any great extent as the thrust values climb. Prospects are 
that the Junior will soon be announced as the highest known thrust/ 
weight ratio turbojet, approaching a ratio better than 7 to 1. Obser- 
vers see the engine as an Avon replacement. Its light weight and 
minute size—comparable to the Viper of 28in-diameter and 66in- 
length—fit it for a wide range of applications. Among these, is instal- 
lation in one of the prototype intercepters now nearing flight at Saunders 
Roe and Avro.” 

Piston Engines. Principal new development is the Gipsy Major 200, 
illustrated. e basic engine is already highly developed and is to be 
marketed for both fixed-wing and helicopter applications, and has been 
extensively flown in the Saro Skeeter 6 helicopter. 

Production continues on the earlier Major, for many types of aircraft, 
and also on the six-cylinder Queens. Of the latter the two chief 
varieties are the Queen 30, a supercharged 250 h.p. unit for the Heron, 
and the 380 h.p. Queen 70, which has an injection-type carburettor, 
geared drive to a three-blade reversing and feathering airscrew and is 
supplied as a complete powerplant for Doves and Devons. 

Rocket Motors. It is now almost ten years since the compan — 
to develop a rocket motor for piloted-aircraft application. The rst 
unit was named Sprite and it was a “cold” a.t.o. unit obtaining thrust by 
allowing high-test peroxide to decompose into a jet of superheated 
steam and oxygen. The Sprite was originally intended for installation 


de Havilland Ghost 105 (53 Mk 1). All-weather-fighter turbojet. Single-sided 
centrifugal compressor, ten combustion chambers and single-stage turbine. 
Overall diameter, 52.7in; length, 129in; dry weight, 2,135 Ib fully equip ; mass 
flow, 88.5 Ib/sec; pressure ratio, 4.7:1; maximum thrust, 5,300 Ib at 10,350 r.p.m. 
with s.f.c. of 1.19. Other Ghosts are described under Italy (p.584) and Sweden (p.585). 


de Havilland Gipsy Major 200. Piston engine. Four inverted cylinders with 

air-cooling and direct fuel injection into the inlet ports, with direct drive. Width, 

16.8in; height, 29.Bin; length, Stin; bore, 4.725in; stroke, 5.905in; swept volume, 

416 cuin; dry weight, ib; maximum rating, 192-200 h.p. at sea level at 
2,600 r.p.m. with consumption of 104-108 Ib/hr. 
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D.H. Super Sprite. A.t.o. droppable rocket pack. Basic motor: length, 117}in, 
diameter, 20jin. Empty weight, 620 ib; fuelled weight, 1,460 Ib. Standard thrust, 
4,200 Ib for 40 seconds duration; total impulse, 120.800 Ib-sec. Propellants: 57 gal 
hydrogen peroxide at 80 to 85 per cent concentration and 5 gal jet fuel. Feed by 
3,690 cu in nitrogen initially at 2,900 to 3,100 Ib/sq in. Nacelle: approximate 
overall dimensions, length, 150in, height 32in and width 28in. Total weight of 
nacelle and fuelled motor, about 1,900 Ib; fall-weight during parachute-jettison 
cycle, 1,080 Ib. 
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in the Comet 1 as a removable unit, complete with tanks from which 
the peroxide and a liquid catalyst were injected under pressure from 
gas bottles. 

This unit was not produced in quantity, but a development named 
Super Sprite is in full production as a a.t.o. motor for the R.A.F. 
(see accompanying data), and holds the first British Type Certificate for 
a jettisonable, liquid-propellant rocket motor. The tanks of the Super 
Sprite are of greater capacity than those of the Sprite, and the catalyst, 
instead of being injected, takes the form of a metal gauze through 
which the peroxide is injected. The specific impulse in the Su 
Sprite is also greater than that of its predecessor owing to the fact 
that it is a “hot” motor, kerosine being injected into the combustion 
chamber to burn in the free oxygen from the decomposed peroxide. 

In the much more powerful Spectre the propellants are fed by a 
turbine-driven pump energized by steam from decomposing peroxide. 
No details of the Spectre may yet be published but it can be stated 
that it is being developed both as a jettisonable a.t.o. unit and as a 
permanently installed motor for supersonic fighters. 


HAWKER SIDDELEY. The Hawker Siddeley Group, Lid., 18 
St. James's Square, London, S.W.1. All the multifarious nuclear-power 
interests of the Group are being brought together within the new 
Hawker Siddeley Nuclear Power Company. Initially the new organ- 
ization will be principally charged with the task of collecting personnel 
and conducting a broad programme of research. 


NAPIER. D. Napier and Son, Ltd., The Vale, Acton, London, W.3. 
After some 40 years of fame as manufacturers of high-quality piston 
aero engines, this long-established company is now concentrating its 
aviation activities upon other types of powerplant. The bulk of this 
work is devoted to various types of shaft-drive gas turbine and a 
thorough research and development programme into axial compressors 
(and the aerodynamics and thermodynamics of advanced engines gener- 
ally) is now paying off in the company’s present range of products. 
This programme was carried out at the company’s research station at 
Liverpool, which was the largest in Europe when the company built it 
in 1947. All the company’s present engines are single-shaft units of 
small diameter with excellent component efficiencies, automatic single- 
lever control and features which make them unusually easy to maintain. 
In their design the company have kept one eye, and sometimes two, 
on the power requirements of future helicopters. 

Design and prototype manufacture is undertaken at the headquarters 
at Acton, nearer the centre of London than any other major company 
in the aircraft industry. Large-scale production is allocated to the 
large factory at Liverpool which has been filled since 1952 with Rolls- 
Royce Avons, chiefly for Canberras, production of which is now drawing 
to a close, Flight development is conducted at an ad hoc establishment 
at Luton Airport where the company also undertake sub-contract work 
for other companies. Also at Luton are departments engaged in the 
development of rocket motors and ramiets, this work being partly for 
the guided-weapon programme of the English Electric Group (of which 
Napier is a mash 

Eland. A background of research into highly rated axial compressors 
was a necessary pre-requisite to the evolution of this engine. Although 
it is of the single-shaft layout, the Eland has a higher work-per-stage 
than any other engine in production, coupled with single-lever control 
and exceptionally easy handling. The basis of the design was the 
minimum size of spinner for a 3,000-h.p. airscrew, the intake following 
the spinner periphery and the remainder of the engine and accessories 
lying within the 36in-diameter, minimum-drag cowling. 

For servicing, the Eland can be readily sub-divided into its con- 
stituent parts. Points worth commenting upon include the unusually 
efficient self-centring, single-stage reduction gear (three ratios are avail- 
able up to almost 14: 1) incorporating a hydraulic torquemeter; auto- 
matic ice protection afforded by the multiple oil-cooler pads around the 
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magnesium-alloy intake casting; aluminium-bronze compressor blading; 
epumepentnteution nozzles in the low-pressure-drop tubular combus- 
tion chambers (which can be removed im situ); automatic variable- 
incidence guide vanes which improve handling and acceleration; 
top-temperature control governed by mercury-vapour sensing units; 
and provision for a reverse-pitch airscrew. : 

The first engines were rated at 2,690 s 47 (3,007 e.h.p.) and weighed 
between 1,600 and 1,700 Ib. Such units have been extensively flight- 
developed in a Varsity, Elizabethan and Convair 340. Last June a 
price of £28,600 was quoted in America for Elands of this type. A 
change in turbine-blade material has now allowed a useful increase in 
maximum temperature, which has resulted in the establishment of the 
NEL6 rating of 3,500 e.h.p., with an s.f.c. of not more than 0.595. 

For a considerable period, development has been proceeding upon an 
advanced family of Elands with still higher temperatures and a pressure 
ratio of 8 : 1. This new family of engines has resulted in the establish- 


ment of the NELS rating of 4,200 e.h.p., at an s.f.c. of 0.56 and a specific 
weight of 0.43 Ib/e.h.p. Cruising at 25,000ft and 400 m.p.h., the s.f.c. 
of the NELS is expected to be not greater than 0.44. Although instal- 
lationally interchangeable with the NEI.1 and 6, the NELS is consider- 
ably more advanced in design and incorporates an air-cooled turbine. 
In December a slightly earlier cooled-turbine variant, designated NEL4, 


Napier: ramjet vehicle test firing with rocket boost. 


first run 13 months ago, was stated in America to cost £35,000. 

A completely se; te development is the NEI.3 powerplant for the 
Fairey Rotodyne helicopter. is engine incorporates an auxiliary 
compressor driven via a hydraulic coupling from the main power 
section. When the coupling is filled with oil the auxiliary compressor 
is accelerated until oventadiy the two rotating assemblies are clamped 
together to form, in effect, a single-shaft engine, the sole function of 
which is to supply fresh compressed air to the helicopter rotor for 
combustion jets at the blade tips. Exhaust gas is taken out through 
separate tailpipes on either side of the hydraulic clutch. During this 
take-off, or hovering, condition the airscrews are held in super-fine pitch 
and used for directional control. In forward flight the hydraulic 
coupling is drained, and all cruising power is applied to the airscrews, 
the rotor being allowed to autorotate. It may also be commented that 
this powerplant has obvious attractions for use in fixed-wing aircraft 
with blown flaps. 

Gazelle. In some respects this unusual power unit can be considered 
as a free-turbine, shaft-drive Oryx with the layout described in the 


Napier Eland £.151 (NEI.3). Rotodyne powerplant. Ten-stage compressor, 

six combustion chambers and three-stage turbine, the rotating assembly being 

coupled to an airscrew reduction gear at the front and (via a fluid clutch) a nine- 

stage auxiliary compressor at the rear. Overall diameter, about 40in (basic, 36in); 

length, 158.25in; dry weight, 2,350 Ib; mass flow, 31 Ib/sec; pressure ratio, 7:1; 

maximum power (forward flight), 3,000 e.h.p. (2,800 s.h.p. + Ib) at 12,500 r.p.m. 
with s.f.c. of 0.624. 
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data. Its design is the result of a careful study into the power require- 
ments of future helicopters. Pressure ratio, top temperature and mass 
flow are the optimum to satisfy these requirements; the engine can be 
installed at any angle to suit the application; and the exhaust system 
minimizes the gas exit-velocity to provide for the maximum shaft- 

wer. The slimness and light weight of the Gazelle simplify its 
installation in an airframe, and in a twin-engined helicopter allow for 
a passageway around the forward engine. 

A new departure is the employment of a common fabricated casing 
for the six a tubes. Single-lever control is provided, with auto- 
matic compensation for variation in ambient temperature and pressure, 
turbine-inlet temperature and maximum and minimum torque-limita- 
tion. In the event of failure of one engine in a twin-engined aircraft 
the apd of the remaining unit is automatically doubled or increased 
to the emergency rating, and a fundamental advantage of the free- 
turbine layout is that the rotor-speed and engine-speed can each be 
adjusted to the optimum value under all flight conditions. Accessories 
are mounted on the up surface of the intake casting. Recent types 
of Gazelle discharge aaa gas through four circular pipes. 

Prototype units have passed their 25-hr flight-approval test. The 
engine has considerable development potential. The design rating was 
exceeded on the initial calibration run, the s.f.c. is below the estimated 
figure and production Gazelles should be suitable for all helicopter 


Napier Oryx (NOr.5 rating). Single-shaft turbo gas-generator. Twelve-stage 


Napier Gazelle NG.1. Free-turbine helicopter engine. Multi-stage compressor, 
I bustion chamber with six flame tubes and independent compressor- 


compressor, five combustion chambers and two-stage turbine; four-stage liary 
compressor. Diameter, 19jin; length, 834in; dry weight, SOOlb; mass flow, 
15.3 Ib/sec; pressure ratio, 6.15:1 (overall pressure ratio of gas from delivery 
valve, 1.7:1); maximum output, 950 gas h.p. at 22,600 r.p.m. with s.f.c. of 0.62. 


Napier N.R.E.17. Rocket motor. The drawing shows the chamber and valve 
group for the N.R.E.17, which has a thrust of about one ton and presumably has 
missile applicati The propel! are high-cest peroxide and kerosine. 


applications between 1,250 and 1,800 s.h.p. The ine was designed 
for the twin-rotor Bristol 192 and will - a be in the Westland 
Wessex—and, probably, in certain fixed-wing aircraft. It is regarded 
as likely to be one of the company’s principal products for several 
years to come. 

Oryx. With this unique unit Napier set out to produce a light and 
efficient engine capable of putting out all its power in the form of a 
flow of gas at a temperature and pressure suitable for helicopter tip-jet 
proeuitae, without tip-burning (a si rly quiet system specified 

the Hunting Percival helicopters). resulting Oryx is an exceed- 
ingly slim engine. The surplus turbine power is expended in driving 
a permanently coupled auxiliary compressor which delivers fresh air 
to an uptake volute where it is mixed with all the efflux from the main 
power section (in contrast to the Rotodyne Eland) to give a final output 
at 678 deg K and 23.5 Ib/sq in abs. 

During the starting cycle the large non-throttling valve is opened to 
discharge all the gas directly to atmosphere. The valve is then i 
restricted to simulate the back-pressure of the helicopter rotor, after 
which the can be passed to the rotor itself with the ine i 
—_ full range of accessories can be driven off the wheelcase 
at the front end. Several prototypes have run, both on the bench 
and in the P.74 helicopter, and a full type-test was completed early 
this year at 780 gas h.p., this being the first such type-test to be passed 
by a British helicopter gas turbine. Later Oryx are more powerful, the 
type-tested ra ving been raised first to 825 and then to 950 gas 
h.p., and the NOr. 10 being rated at 1,250 gas h.p. 

_ Ramjets. Last autumn visitors to the National Gas Turbine Estab- 
lishment were allowed to see a test vehicle designated RJTV 27 which 
had been —— and manufactured for the Ministry of Supply by the 
Napier Flight Development Establishment at Luton. The ramjet formed 
a fuselage roughly 16ft long, with a diameter of about 20in over the 
cy’ combustion section. La ing was effected by rocket boost 
from an inclined ramp, as shown in the 


of 
The RJTV a simple pitot intake, from which one 
conclude that the design Mach number is not very great (although it 


and power-turbines. Overall height, about 70in; maximum diameter at intake, 

334in; dry weight, restricted; mass flow and pressure ratio, restricted; maximum 

rating (5-min), 1,260 s.h.p. (net residual thrust, 2601b) at 20,400 compressor 

r.p.m. and output-shaft speed of 3,000 r.p.m.; one-hour rating, 1,100 s.h.p. at 

19,800 r.p.m. (output, 3,000 r.p.m.); continuous, 920 s.h.p. at 19,000 r.p.m. 

(output, 3,300 r.p.m.). Other ratings are NG.2 (1,650 s.h.p.), NG.3 (1,800) and 
Ne4 (2,000). 


clearly at least 1.5). Nevertheless, in March this year the company 
announced that such a vehicle had “reached a height greater than any 
previously attained in the United Kingdom by a ramijet-powered 
vehicle,” in spite of the fact that the flight had to be curtailed when 
still under full power in order to prevent possible danger to shipping. 
Rocket Motors. The first tangible evidence of Napier’s work in this 
field was made public at the 1955 S.B.A.C. Exhibition, when two display 
combustion chambers were shown. One of these was a development 
chamber which, at a guess, was rated at 2,000 to 2,500 Ib thrust. The 
chamber was regeneratively cooled, the fuel feed entering at the throat, 
and the whole assembly was machined from steel forgings. The other 
unit was presumably a production motor, with the designation N.R.E.17. 
Of similar size to its companion the N.R.E.17 was a sheet-steel assembly, 
running on high-test peroxide and kerosine. 
ROLLS-ROYCE. Rolls-Royce, Ltd., Nightingale Road, Derby. As 
always, this renowned company is bearing a tremendous responsibility 
for the propulsion of all types of military and civil aircraft. Over 


Rolls-Royce: Conway RCo.5 unit on bench-test. 
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Napier developed the fuel system to operate on gas pressure, or, alter- 


FLIGHT 


Rolls-Royce Avon RA.7R. Turbojet with afterburner. Twelve-stage compressor, 
eight combustion chambers and two-stage turbine; moderate-reheat afterburner 
with engine-driven fuel pump and twin eyelid shutters. Diameter, 42.2in; overall 
length as shown, 276in; dry weight, 2,960 Ib; mass flow, reported to be 130 Ib/sec; 

wre ratio, reported to be 7:1; maximum thrust, with reheat, 9.500 ib at 
a) r.p.m. with sfc. of 1.9. The basic engine is rated at 7,500 Ib thrust. 


Rolls-Royce Avon RA.21. Fighter turbojet. Twelve-stage compressor, eight 
combustion chambers and two-stage turbine. Diameter, 42.2in; length as shown, 
102.1in; dry weight, 2,520 Ib with full equipment; mass flow and pressure ratio, 
rather greater than RA.7; maximum thrust, 8,000-8,050 Ib at 7,900 r.p.m. with 
sfc. of 0.925. Engines of this rating can be equipped with an afterburner. 


Rolls-Royce Avon 200-series (RA.28). Turbojet. Multi-stage compressor, 
annular combustion chamber and multi-stage turbine. Overall diameter, 41.Sin; 
length, 113.3in; dry weight, 2,890 Ib; mass flow, reported to be 160 Ib/sec; pressure 
ratio, reported to be 8:1; maximum rated thrust, 10,000 Ib with s.f.c. of 0.86. 


Rolls-Royce Conway (RCo.5 rating). By-pass turbojet. Multi-stage re 
compressor, intermediate diffuser with flow divider to by-pass duct, multi-stage 
high-pressure compressor, annular combustion chamber with 10 Duplax burners 
and two sets of h lly independ turbine one . Overall diameter, 41.5in; 
length as shown, 128.8in; type-tested thrust, 13,000 ib. All other data restricted. 
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per cent of the business in this sphere concerns advanced types of gas 
turbine, and the progress of these engines is recorded below. 


Since our last issue of this type the company’s Aero Division has 
started to branch out into other spheres. An announcement made a year 
ago revealed that the company were entering the field of large rocket 
motors. A licence agreement has been signed with North American 
Aviation, Inc. (¢.v.), under the terms of which the British company 
will manufacture and develop high-thrust motors using iques 
originally evolved by N.A.A. No details are yet available i 
the location of this work. 


In July 1954 a terse report in America to the effect that the company 
“hired two men from Harwell” has now come to fruition in the news 
that Rolls-Ro are entering the field of atomic research and nuclear 
propulsion. eral studies began in the autumn of 1954 and the work 
is to be centred at a nuclear-engineering laboratory near Derby which 
is now almost complete. A company statement earlier this year 
announced that the effort was being applied to the development of light- 
weight reactors which would ultimately be suitable for air- and surface- 
transport applications. The statement added that the first experimental 
work on -temperature liquid metals last July. In rch the 
formation of a new company, Vickers Nuclear Engineering, Ltd., was 
announced by three partners, Rolls-Royce, Vickers and Foster Wheeler. 

For the future development of more advanced engines of an air- 
breathing nature, the company are constructing (with £3.82m of their 
own funds) the only privately owned, high-alutude engine-test facility 
in the Commonwealth. Situated on a 134-acre extension to the Aero 
Division’s research and development establishment at Derby, the plant 
will be able to test engines up to conditions appropriate to 1,500 m.p.h. 
at 70,000ft and is intended to handle “the most advanced engines 
projected.” Construction has been p ing rapidly and calibration 
trials of the test beds are due to start in the summer of 1957, to be 
followed by full-scale testing in January 1958. 

Avon. At the end of World War 2 the original Avon at 
6,500 Ib thrust, was intended to take over where the Nene left off. 
The basic Avon design is of the quality which one expects from the 
company, and it has been the progenitor of the largest family of gas 
turbines in the world. The first generation of Avons employ a com- 
pressor with 12 stages of blading, handling qualities being improved 
by variable-incidence guide vanes and lift-type blow-off valves on the 
casing. Other equipment on production engines includes all-weather 
protection (with hot-air anti-i and some of the world’s first mass- 
produced high-pressure fuel/oil heat exchangers and mono 
or cartridge starters. 

Improved high-temperature materials in the latest engines have 
enabled the turbine-inlet temperature to be raised, to establish the 
RA.21 rating of about 8,050 Ib (dry) without any increase in size or 
weight. Commercial engines of the same family (operating at less than 
RA.21 temperature) are now fully developed, with exceptionally long 
life. These units employ electric starters and have provision for 
synchonization and speciali airline equipment, and in the Comet 2 
for Transport Command are rated at 7,350 Ib thrust. Since 1951 after- 
burning engines have also been in production, with maximum ratings 
27 to 30 per cent above those of corresponding basic units. 

In toto the 100-series Avons are used by the majority of the R.A.F.’s 
first-line strength of high-performance aircraft. The total deliveries of 
these engines must run to some thousands. Between 1951-55 large 
numbers were turned out by the Engi Division of the Bristol 
Aeroplane ey (as it then was), D. Napier and Son, Ltd., at 
Liverpool, and the Standard Motor Company, Banner Lane, Coventry. 
All three companies tooled up and delivered acceptable Avons inside 
12 months. British production is now concentrated back at the Scottish 
factories of the parent company and Avons are also in production at 
Commonwealth (Australia), F.N. (Belgium) and Svenska Flygmotor 
A.B. (who are also building later models of Avon), and a licence-to- 
build has been granted to Hispano-Suiza. 

By 1951 an extensive programme of ~~ roduced a completely 
new family of engines, which, although employing virtually no major 
parts common to the original family, were given the same name. The 
new Avons are a great advance on their predecessors and deliver between 
30 and 50 per cent more thrust. By 1953 the new family was in full 
production as the 200-series and a number are now being delivered 
each month. Compared with the earlier models, the compressor clearly 
has a higher pressure ratio and greater capacity, and the cannular- 
combustion system has actually reduced the overall diameter 9 
engine. Some recent models have a steel compressor casing (presum- 

y to withstand supersonic ram pressures) and it can be inferred 
that some of the latest types employ an air-cooled turbine. Afterburning 
models of the 200-series engines have also been developed. 

The later Avons are some of the world’s finest turbojets, offeri 
excellent economy and exceedingly high thrust for unit waht ant 
frontal area (in com m with other units in correspondingly wide 
service). Commercial versions have been evolved as the 520-series (at 
the 10,500-lb RA.29 rating) with a s.f.c. which has been quoted as 
low as 0.76 in cruising flight and a cost reported (unofficially) last July 
as £28,600. A special type of Avon powerplant has also been pnqeesd 
for v.t.o. use, and one of these engines is employed in the Ryan X-13 
(U.S.A.F, XF-109) experimental fighter. 

Conway. One of the factors governing the economics of aircraft 
propulsion is the Froude efficiency, which is a function of the difference 
in speed between the aircraft (relative to free atmosphere) and the jet 
which issues from it to the rear. In slow ai 
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ates a large mass of air and the resulting slow jet gives high Froude 
efficiency; conversely, this factor in a turbojet aircraft is low, particularly 
if the aircraft has a slow cruising speed. These considerations have led 
to the by-pass turbojet (“turbofan” in the U.S.A), falling midway 
between a turbojet and a turboprop. Excess —- from an oversize 
low-pressure compressor spool is by-passed around the hot parts of 
the engine and re-entrained at the rear. The remainder of the flow goes 
' through the combustion chamber and turbine (which, for best ficiency 
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are operated as hot as possible). Compared with a turbojet of similar 
fast-moving core. In ition i 

engines are quieter and have a lower fire risk. In the Conway, the 


Much depends on the by-pass ratio, which must always be a com- 
ise between conflicting factors. Several types of Conway have 
developed, not all having the same geometry; early ratings were 

the RCo.2 (9,250 Ib thrust) and RCo.3 (11,500 lb), and the RCo.5 
and 7 are rated at 13,000 Ib. The RCo.5 has been type-tested at this 
thrust with the lowest s.f.c. of any type-tested turbojet. Bench time 
is substantial and flight trials, at present taking place in an Ashton, 
will shortly be extended to include a trial-installation in a medium 
bomber. lopment is going ahead on commercial Conways for 
British and American transports, and the engine also has obvious 
military applications, including supersonic pro) ion with considerable 
afterburning. 

It is remarkable that the overall diameter is no greater than that 
of an advanced Avon, and installational problems are eased by the fact 
that the engine fits a 42}-in square and has a cool exterior. It is 
undoubtedly a great > --e achievement, and the price of £75,000, 
unofficially quoted in Italy, may not be too great an over-estimate. 

Derwent. Built in larger numbers than any other British gas tur- 
bine, this centrifugal turbojet of 3,500-3,600 Ib thrust powers the 
Meteor in all its versions. Contracts for new engines were completed 
early last year. 


Soar RSr.2. High specific-thrust turbojet. Monocoque construction, 
with axial compressor, lar (high- ity) comb chamber and single- 
stage turbine. Data applicable at end of 1954: overall diameter, 15.8in; overall 
length as shown, 62.75in (58.95in without generator fairing or 77in with air intake); 
dry weight as shown, 267 Ib (275 ib with air intake); mass flow and pressure ratio, 
restricted; maximum thrust, 1,810/1,860 Ib with s.f.c. of 1.26 (unofficially 

to be at 18,600 r.p.m.). 


Rolls-Royce Dart 510. Single-shaft transport turboprop. Two single-sided 

centrifugal compressor stages in series, seven combustion chambers and two-stage 

turbine. Overall diameter, 38in; length, 97.6in; oy weight, 1,110 ib; mass flow, 

20 Ib/sec; pressure ratio, 5.5:1; maximum rating, 1,742 e.h.p. (1,600 s.h.p. + 370 Ib) 
at 14,500 r.p.m. with s.f.c. of 0.689. 


Rolls-Royce Tyne RTy.1. High-efficiency turboprop. Multi re 

compressor driven by three-stage low-pressure turbine, multi-stage high-pressure 

compressor driven by single-stage high-pressure turbine, and cannular combustion 

chamber. Overall dimensions, as shown: height, 45.75in; width, 40.Sin; length, 

100.25in; weight with accessories, 1,935 Ib; mass flow, 41 Ib/sec; pressure ratio, 

13:1; maximum rating, 4,470 e.h.p. (4,020 s.h.p.+1,175 ib) at 18,600 r.p.m.; 
cruising at m.p.h. at 30,000, ft1,910 e.h.p. with s.f.c. of 0.408. 
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Larger ines (of the RD.10 projected rating of 5,000 Ib) are opeciied 
for the Aerfer Ariecte, an Italian transonic ee will 
have a Soar). A special form of afterburning has 

Meteor in Canada and large-scale production of Derwents was com- 
pleted last year by F.N., Belgium (q.v.). 

Nene. Manufacture of this most valuable centrifugal turbojet began 
to taper off last year, but service development and spares production are 
important responsibilities of the Scottish factories. ; 

‘The most important current application of British production has 
been the Sea Hawk. Later Sea Hawks employ Nene 103s of the RN.6 
rating of 5,400 Ib thrust, fitted with a cartridge starter and a bifurcated 
jet pipe exhausting on each side of the rear fuselage. During the past 
two years 850 Nene 10s were delivered to Canada, further reference 
to this engine being made under Rolls-Royce of Canada, Ltd. Nenes 
have also been made in large quantities by Pratt and Whitney, Hispano- 
Suiza, Rolls-Royce Australia and (in small numbers) Argentina. Further- 
more, considerably more than 20,000 developments of the Nene have 
been made in the U.S.S.R. (g.v.). An unusual Nene is the RN.4, 
employed in the deflected-jet Meteor. 

Sear. No official comment on this engine has been received since 
it was first announced in August 1954. One assumes that this is due 
to considerations of security. As far as published figures are concerned, 
the Soar delivers more thrust per unit weight and frontal area than 
any other air-breathing engine. Early flight development was carried 
out with Soars bolted through their monocoque casings to the n= 
tips of a Meteor, and the engine has now flown in other types of aircraft. 

The Soar is specified for piloted applications (such as the Italian 
Aerfer Ariete) and for a number of targets, including that projected by 
Canadian Aviation Electronics. Rolls-Royce are exporting pro- 
duction Soars to Westinghouse who convert them to American standard 
and ship them to Radioplane, Inc. for use in a drone target which 
recently exceeded Mach 1. Radioplane, incidentally, recently said that 
the Soar could “easily give 2,000 Ib.” 

The original conception of the small, high-specific-thrust engine is 
in conformity with the thinking of Dr. A. A. Griffith, Rolls-Royce chief 
research engineer, who has long proposed the use of such engines in 
multiple clutches. Multiple engines of a type not greatly dissimilar to 
the Soar will also be employed in the company’s v.t.o. experiments. 

R.B.106. Such a designation has not been officially mentioned, but 
it is reported in America to be that of a high-thrust turbojet. Westing- 
house have been named as possible manufacturers. 

R.B.108. This has been officially referred to as a new design of 
gas turbine, at present undergoing bench running. 

Dart. At present the Dart is the only gas turbine in airline service, 
and it has logged over half a million hours in Viscounts since scheduled 
operation began three eg ago. The engine first ran in 1945 at a 
rating of around 1,000 h.p. but the first quantity-produced model, the 
Dart 505, was rated at 1,547 e.h.p. Nearly all the Darts so far manu- 
factured have been employed in the Vickers Viscount. Many of the 
early Viscounts have now been re-engined with the Dart 506, which 
embodies aerodynamic improvements to the rotating guide vanes of the 
compressor and to the turbine stator and rotor blades. Compared 
with the Dart 505, the 506 provides the same take-off power at reduced 
temperature and gives four to seven per cent more cruising power 
with the s.f.c. reduced by five per cent. The price of a Dart 506 has 
been quoted in America as £14,300. 

Last summer the Dart 506 was succeeded on the production line by 
the 510, which incorporates several further changes. In order to trans- 
mit increased power the reduction gear has been redesigned with wider, 
double-helical teeth and a greater ratio (to 0.093 from 0.106) to reduce 
the tip speed of the ——— paddle-blade airscrew. Other modi- 
fications include the addition triple tip seals on the turbine blades 
and relocation of the jet-pipe thermocouples on the leading edges of the 
turbine stators. Another change in the Dart 510 is an increase 

200 r.p.m. (to 14,000) in the maximum-continuous condition. A 
s version of this series, designated Dart 511, is in production for 
: Re Friendship with the still-lower reduction-gear ratio of 


RDa.7/1: 1,990 e.h.p. (1,800 s.h.p.+500 Ib) with s.f.c. of 0.68; 
i 0.57. 


of 
, Ib) with s.f.c. of 0.665 and 
similar to the RDa.7/1. 

The basic 7 is now starting its flight development and will be in 
B.E.A. service next summer in the V.806. The RDa.7/1 rating has been 
held at 1,800 s.h.p. since this is the limit for the fin-size of the Viscount 
810D. Production RDa.7 /1s will become commercially available for these 
aircraft in March 1958 (and they also have a military application in 
the Bréguet 1050). 

The development of the Dart (as at present envisaged) will be 
covered by the RDa.8 rating. These units will have a potential of at 
least 2,500 e.h.p. with a cruising rating of about 1,710 e.h.p. at 
20,000ft, and will clearly be substantially in advance of the RDa.7s. In 
the Viscount 840 series the RDa.8 would probably be derated slightly 
to obviate the need for water/methanol. e Rba8 is scheduled to 
become available in 1959. 

Tyne. Several years ago Rolls-Royce began to formulate a plan for 
an advanced turboprop capable of operation at powers and efficiencies 
beyond the ultimate limits of the Dart. In its original form this engine, 
designated R.B.109, had a — maximum of about 2,500 h.p., but 
progressive changes, which luded raising both the mass flow and 


co 
+ 
The next major family of Darts covers three separate RDa.7 ratings. 
This new series incorporates a variety of improvements. The basic \ 
Dart 7 (Dart 520) introduces a turbine with three stages of shrouded a 
blades, two oil coolers with twin intakes, a revised fuel-inlet arrange- ea 
ment, a new design of exhaust unit and automatic top-temperature 
control. In addition, the gas path has been modified to permit the og 
mass flow to be raised to 22 Ib/sec at the increased r.p.m. of 15,000. tes 
The following ratings have therefore been established. RDa.7: 1,890 
e.h.p. (1,700 s.h.p.+ 495 Ib) with s.f.c. of 0.7; 20,000ft cruise at 
345 m.p.h., 1,145 eh.p. (1,075 s.h.p.+65 lb) with s.f.c. of 0.6. : 
) 
= a ‘ 
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the top temperature, lifted the project into the 4,000-h.p. bracket before 
drawings were released for a prototype. The engine is now named 
Tyne and has been on bench-test since April of last year. 

Into this engine the company have built all their unmatched know- 
ledge of commercial turboprop operation. The two compressor spools 
are of very smal! diameter and turn at high r.p.m. to achieve ambitious 
design points (aerodynamically, they use of Conway data on a 
smaller scale). The front end, with its integral oil tank, fits closely 
around the spinner and incorporates a compound-epicyclic, silent- 
running reduction gear driving a 14ft 6in airscrew. Twin oil-coolers, 
fed from a separate intake, can be mounted either above or below 
the engine and the bulk of the accessories fit neatly beneath the slim 
compressor section. The casings of the engine are mainly of magnesium 
or aluminium alloy from the intake to the inter-spool diffuser. 

Development is being carried out largely at Rolls-Royce expense, 
although an M.o.S. develo 4~ contract has been received. Three 
prototypes had been built by last November and flight trials should 
begin this summer in the ante of a Lincoln. Most of the figures given 
in the accompanying data are new. Another recent change is the 
reduction-gear ratio of 0.064:1 for the V.901 Vanguard for B.E.A., the 
original figure being 0.062 :1. 

It is reported in the U.S.A. that future development will follow two 
main paths. One family of full-power engines will be rated at 5,000 
e.h.p. at sea-level (temperate) and a constant-power engine, limited 
to 2,500 s.h.p., will be offered as an alternative. Either unit is con- 
sidered an attractive proposition for the Lockheed Electra and, earlier 
this year, Lockheed ordered four engines for evaluation in a Super 
Constellation airframe. American reports also price the present Tyne 
at £40,000 which seems not unreasonable. First deliveries are due 
in 1959. 

Piston Engines. More Merlins have been made than any other type 
of British aero engine. Production has now ceased but a number 
(reported to be as high as 500) were exported during the past few years 
for Spanish military aircraft, most of the units being reconditioned 
Merlin 500s. Early last month the first part of a new contract for 173 
Merlins, worth about £1m, left Hillington for installation in aircraft 
built by C.A.S.A. The larger Griffon went out of production at Derby 
in December last, but limited production and service development is 
continuing at the company’s Scottish factories. Sea Griffons for R.A.F. 
launches remain in production. 


ROVER. Rover Gas Turbines, Lid., Meteor Works, Lode Lane, 
Solihull, Warwicks. For several years this off-shoot of the famous car 
company have been developing a single-shaft gas turbine rated at 60 h.p. 
This engine is now known as the 15/60 and is a well developed, rugged 
and reliable unit, which has found applications in many fields, including 
aviation. It is already known that it is the source of power for two 
A.A.P.P. units, one of which is built by Rover themselves using a Rotax 
alternator and the other is a product of B.T.H. Although these com- 
plete installations are not cleared for airborne service, the basic gas 
turbine has been fully type tested on a 300-hr basis. 

Last summer a guarded announcement stated that a suitably modi‘ied 
18/60 was to be supplied for the propulsion of a new design of light 
helicopter, the manufacturer of the latter not being divulged. It is also 
understood that Rover are not averse to devoting a portion of their 
resources to aircraft propulsion, and there is a chance that a free-turbine 
unit of over 100 h.p. may be announced at a future date. 


SARO. Saunders-Roe, Ltd., Osborne, East Cowes, Isle of Wight. 
Five years ago this versatile aircraft company started the evolution of 
a family of small pulsejets for the propulsion of light helicopters. 
Two units were announced in 1952; the smaller was the unit described 
and the other was a fatter design rated at a static thrust of 120 Ib. 

Both sizes are simple fabrications of steel and Nimonic-75 sheet, 
incorporating a group of spring flap-valves and a resonant duct, the 
interior of the motor glowing cherry-red after a few minutes firing. 
Bottled propane and pool petrol are two of the fuels employed and units 
are now being tested under rotor conditions on a rotating arm in a new 
test house. velopment is leading to eminently controllable (and, for 
pulsejets, efficient) motors, but no details may published the 
work is entirely under Ministry of Supply contract. 


Commonwealth (Australia): Rolls-Royce Avon 20. 
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Last month Saro announced that they were shortly to commence 
static testing of rocket motors. No information may be published on 
the type of engines involved. Last year, however, the company revealed 

chat they were manufacturing special bowsers and servicing trucks for 
high-test peroxide. 


Sero 45-ib Pulsejet. pulsejet with design frequency of 45 c.p.s. 
Drameter. length, 47.Sin; dry weight, 15.5 Ib; ib. *These are 

1953 figures. No up-to-date information is available on the characteristics a 
present designs of Saro pulsejet, but results have so far been encouraging. 


AUSTRALIA 


C.A.C. Commonwealth Aircraft Corporation, ‘Lovimer Mel- 
bourne. The only indigenous Australian aero (apart from “back- 

yard” efforts) is the Cicada, described below. Gan erent experience 
was acquired with the Nene, well over a hundred of which were manu- 
factured between about 1948 and 1953. At present virtually the entire 
engine resources of the corporation are devoted to licence production 
of the Rolls-Royce Avon. 

Avon. With the assistance of Rolls-Royce, manufacture of A 
103s to the RA.3 rating of 6,500 Ib n in the winter of 1953-54 for 
the early Australian-built Canberra B.20s. In the spring of 1954 

production was transferred to a unit ~ ted Avon 20, a derivative 
of the Avon 104 with the RA.7 ra 500 Ib. Approximately 100 
Avon 20s have now been produc yh ~ for later Canberras but 
principally for the Corporation’s own CA.27 Avon-Sabre. These 
engines are basically similar to British fighter Avons; later Sabres may 
be powered with engines of RA.21 rating. 

Cicada. Described in our April 9th, 1954, issue, this simple, seven- 
cylinder, geared radial has several good features and owes much to 
C.A.C.’s experience with Pratt and Whitney engines during World 
War 2. Prototype Cicadas have been fully develo; on the bench and 
in flight, but stocks of other engines—such as the Wasp Junior—are 
meeting current needs. The design has therefore been piaced in reserve 
for possible production at a later date. 


ROLLS-ROYCE. 
Street, Melbourne. Complet 
Royce aero engines in Australasia is now being peovided from the 
technical office in Melbourne. ——_q 1955 a new 6.25-acre facility 
was established at Mascot Aerodrome, bg oy ih for servicing and testing 
Avons and Darts in service throughout the . Pacific and Far East. 


BELGIUM 


F.N. Fabrique National d’ Armes de Guerre, Herstal. In May 1949 
F.N. undertook to deliver Rolls-Royce Derwents for use in Meteor air- 
frames manufactured in both Belgium and Holland. Over 1,000 Derwents 
were assembled before production ceased last summer. 

As the Derwent lines tapered to a close, production started on Rolls- 
Royce Avons for Hunters manufactured by a similar group of com 
in Holland and Belgium. It is known that several hundred 
airframes are to be turned out by this group and the whole —t 
for their propulsion now rests with F.N., who are already delivering a 


large number of fully equipped Avons each month. The engines are 
— rating and are essentially similar 


to those manufactured in 


= 


fey Page Herald 


Hand 


The Herald is powered 
by four Alvis Leonides Majors. : 
These 14-cylinder double-row radial engines “it 
have exceptionally compact dimensions, 
and incorporate many a 
of the proven features of the Leonides 
which has earned such a high reputation 
with the Royal Navy, 
the Royal Air Force Training Command 
and that hardest of all proving grounds, 
the helicopter services. 


870 b.h.p. radial 
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POWERED 


This unit will accurately 

proportion the flow of fuc! 

from any number, shape an 
sive of tanks. The addition 

: of a power drive also 

provides 


Am aitermative source of fuel pressure in 


emergency cases, 
« Additional fuel pressure at little extra 
cost in weight. 
- Use as a backing pump providing engine 
pump pre-pressure. 
Proportionate refuelling at high flight 
refuelling rates. 
Amy desired fuel pressure rise by the 
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The Napier/Plessey High Prequency 
employs an 


al 
high Voltage R 


rgap igniter ioniged 


discharge. In cases where 
intensity sparks at the rate of approx. 60 per geome 
required with either conventional oF 
puns, this syatem ig ideal. can be 

to ntage in innamerable instances 
ras tu. “nes for ground level ase and of] 

fired fur and boilers. The unit illus 


enployed .o liquid faci starving systems! 


4 Th "perature range —40° to 
ra, wae 
Cables wwallabie to withstand 2) 
lug end. 


Uses conv ntional igniter plogs, 


On 


High repetition rate of 
Small initial firing delay, 
Lightweight my snezium alloy cade, 
midiuy sealec Alt components 
Oonforms to .S 1. Vibration coma: 


Napier Plessey H.F. ignition Unit Mark 8.8 
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AERO ENGINES 1956. 


CANADA 


ORENDA. Orenda Engines, Ltd., Box 4015, Terminal A, Toronto. 
Production is concentrated in the 740, 000 sq ft of Plant 1 at 
near Toronto, which was opened on September 29th, 1952. Plant 2, 
nearby, handles and prototy manufacturing. Orenda 
also makes use of Government-owned research station at Nobel, 
160 miles north of Malton, which is equipped for full-scale engine 
research. The main factory is one of the most modern engine plants 
of its size in the world and it achieved its original target of 100 
Orendas per month 16 months after it was opened. The plant is now 
owned by the company, although some of the machine tools remain 
the property of the Canadian Government. 
Since the experimental Chinook turbojet of 1947-49, the whole 


y it was the gas turbine division 
re than 3,000 of these engines have 
this achievement is magnified 


the company took its name (ori 
of A. V. Roe, Canada, Ltd.). 
now been delivered to the RCAF. and 


effort of the company has been inal i to the Orenda from which 


© 


Rolls-Royce of Canada Nene 10. Trainer 


Orenda Gagines 14. Single-shaft turbojet. Ten-stage compressor, six 
ind two-stage turbine. Overall diameter, 43in; —_ 


compressor, nine ~~ turbine. Di 
49.Sin; length, 104in; dry ihe, 1 610 | Ib; -- Ib/sec; ratio, 
4.54; maximum thrust, S108 ib at 12,500 r.p.m. with s.f.c. of 1.00 Ib/hr/lb. 


by the fact that gas turbines were unknown in Canada ten years ago, 
neither did the company exist. — Ocssber 5 production was reduced 
to approximately 65 engines per month and this rate should. keep the 
one occupied until the Orenda’s successor is ready for production. 

new engine, designated PS.13, is one of the largest in the world 
and its development has the backing of the Hawker Siddeley Group, 
of which Orenda is a member. It has been suggested that the PS.13 
may be made in England since the cost of its development could 
hardly be ers over the relatively limited production necessary to 
meet the R.C.A.F. requirement. A recent American report commented 
on the fact that Orenda lack high-altitude test equipment (this is now 
being remedied, as noted on p. 551) and the company is reported to be 
renting time from the Lewis Flight ulsion Laboratory of the 
N.A.C.A, No announcement has been made of other Orenda projects, 
although “situations vacant” columns express the company’s need for 

cers experienced in the design of turboprop gearboxes. 

da. Quantity production of this engine began in 1951 for the 
CF-100 and for all Canadair Sabres from about No. 800 onwards. 
Orenda 2 of this had a rating <a 5,800 Ib and 
weighed some 2,700 Ib, but “ery substantial improvements have since 


Canadian Pratt and Whitney: Wright R-1820 (also made by Lycomi 
in the U.S.A., but no longer manufactured by Wright A pr treme on 


123in; weight, 2,470 Ib; mass flow, about 130 Ib/sec; 
about $4; maximum thrust, 7,200-7,500 ib at 7,800 r.p.m. 


During the past two years the Orenda 11 and 14, with a two-stage 
turbine, have gone into production. Although considerably more 
erful, these engines are no longer than their predecessors and are 
ter by some 140-150 Ib, the latter being partly achieved the 
substitution of sheet instead "of castings, especially towards the of 
a mgine. Furthermore a 40-per-cent reduction in requirement for 
~ a.» has been achieved. Deliveries of the Orenda 11 for 
the CF-100-4 began in April 1954. Alcohol sprays are fitted to the 
2 bullet for de-icing purposes; the er thrust is 7,000 Ib with 
a j-p-t. of 690 deg C and a weight of a 2,405 Ib. In the Orenda 14 
(illustrated) the j.p.t. is set at 715 deg C to give increased thrust. 
Deliveries of these engines for the Sabre 6 began in September 1954 
and the present price is approximately £23,200. 

Avro Aircraft are ted to be fiying a CF-100 with experimental 
augmentation up to 15 per cent with a Marquardt iris nozzle which 
can be set to give optimum cruising ada and can also produce reverse 
thrust. Another rt speaks of tion with Bristol in cP which 
the Orenda with the latter company’s “simplified afterburner” 
gives “up to 40-per-cent boost at fighting titudes.” Future Orenda 
development involves the use of an ann combustion chamber and 
a modified low-pressure end to the compressor in order to increase 
the mass flow to 140 Ib/sec. An engine incorporating these features 

year. 

PS.13. Plans of this engine—likely to be known as the Superjet or 
Super Orenda—were studied by the had Siddeley Group in 1953, 
when it was named Waconda, and detailed design began at about this 
time. Initially the engine was a private venture but it is now in recei 
of government support as the powerplant for the forthcoming CF-105 
su mic, all-weather intercepter. 

nconfirmed descriptions of the ¢ state " ~ it is a lengthy, 
two-spool unit (about 8:1 pressure me with a ay rating of some 
18,000 Ib-thrust and capable of achieving 25,000 Ib with a special 
Marquardt lightweight ee. The associated company, Canadian 
Steel Improvement, are supplying titanium for a high proportion of the 
structure of this engine. y using this material in the compressor 
discs, casings, stator and rotor , the weight ma — | be got down 
ratio of 6 

Bench running started in the winter of 1954-5 by which time the 
Group had spent £1.43m on the engine. Last November the PS.13 
was stated to have completed 130 hr on the bench and flight trials 
should begin this year in a B-47 which has been lent ad hoc by the 
U.S.A.F. to the R.C.A.F. An unconfirmed report last August averred 
that Allison were anxious to obtain a manufacturing licence, and later 
last year it was suggested that Buick, also a GM company, wanted to 
build the PS.13 or a later turbojet designated PS.21. 

PRATT AND WHITNEY. Canadian Pratt and Whitney Aircraft 
Co., Ltd., 150 Lorne Avenue, Longueuil, Quebec. Curiously, the major 
juction ¢ is centred on an engine of Wright design: the 

-1820-82 fCOHE-1) nine-cylinder radial of 1,525 rated h.p. Under 

a dual licence from Wright Aeronautical and the c Gover 


ate 
‘ 
Orenda Engines: Orenda 14 fighter turbojet. ates’. 
m made. 
- 
? 4 = = 
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400 for the Grumman/de Havilland Canada CS2F-1 Sentinel. First 
deliveries were made last October. 

Limited production continues on the Pratt and Whitney R-1340 Wasp 
for T-6 trainers and spares p ion is maintained for other Pratt 


and Whitney engines. 

R-R. (CANADA). Rolls-Royce of Canada, Ltd., 6265 Céte de Liesse 
Road, Dorval, Que. Incorporated in Canada in 1947 as Rolls-Royce 
Montreal, Ltd., the company operated as a service and stores organiza- 
tion at Montreal Airport until 1952. When, in 1951, the Canadian 
Government placed a contract for 900 Nene turbojets with the ent 
company in Derby, it was decided to construct (with company funds) 
a manufacturing and assembly plant in Canada. 

Making provision for future expansion, 102 acres were purchased at 
the above address; parts-manufacture commenced in 1953 and by the 
following year p ction was in full swing and overhauls for the 
R.C.A.F. had begun. The plant employs over 500 and has the most 
modern production and testing equipment. 

The bulk of the activity concerns aircraft engines, although the new 
building also runs the expanding operations of the Motor Car and 
Industrial Engine Divisions. Other work is the establishment of 
technical services and a parts store for all Rolls-Royce-engined aircraft 
in North America (particularly Viscounts and North Stars), technical- 
training courses on the Nene and Dart and overhaul of Westinghouse 
J34s for the Royal Canadian Navy. 

Nene 10. The new organization of the company revolved around 
the order for 900 Nene 10s for the Canadair T-33AN Silver Star 
trainer for the R.C.A.F., for which deliveries were to be completed in 
1955. The contract, worth about £11.8m, stipulated that Rolls-Royce 
would create a facility for manufacturing a number of the engines in 
Canada. The first Canadian-built Nene 7 its 150-hr test in 
September 1954, and a total of 50 were built at Céte de Liesse Road 
with the assistance of many sub-contractors. The company were later 
given a contract from the Department of Defence Production for the 
manufacture of Nene spares and the overhaul of R.C.A.F. engines, and 
this work has now been in progress for nearly two years. 


CZECHOSLOVAKIA 


PRODUCTION is continuing upon the highly developed Walter engi 
and a singularly attractive unit by the former Praga company, designa 
Praga Doris B, was exhibited last summer. It is a very compact flat- 
six engine with a swept volume of 425 cu in, providing 197 h.p. at 
2,900 r.p.m. with the airscrew geared down to 1,600 r.p.m. The dry 
weight, in the form scen last summer, is 438 Ib. 

There is also evidence that complete centrifugal turbojets of the 
Russian RD-45 (Nene-derivative) type are in production in Czecho- 
slovakia. Russian piston engines may also be manufactured to support 
Czech production of such aircraft as the I-14 transport. 


FRANCE 
DASSAULT. Avions Marcel Dassault, 46 Avenue Kléber, Paris 16e. 
For three years this French aircraft company have been engaged in de- 
velopment of the Armstrong Siddeley Viper turbojet. The basic unit 
from which this work has grown is the original ASV.5. The yon A 
works at St. Cloud have effected considerable detail redesign, i i 
substitution of French accessories 


and in materials (for example, 


Marce! Dassault M.D.30 he Turbojet. Seven-stage compressor, annular 

combustion chamber and single-stage turbine. Overall diameter, 28in; length, 

65.8in; dry weight, 477 ib; mass flow, 30.5 ib/sec; pressure ratio, 3.5:1; maximum 

thrust, 1,640 Ib at 13,400 r.p.m. with s.f.c. of 1.09 (with afterburner, the M.D.30R 
is 126in long, weighs 635 Ib, and delivers 2,140 Ib thrust with s.f.c. of 2.4). 


Hispano-Suiza R.800. Single-shaft turbojet with afterburner. Seven-stage com- 
busti hamber with ten burners and turbine; 
Diameter, 27.2in; length as wn, 146in; dry 


pressor, 
afterburner with twin eyelids. 


weight, 833 ib (667 Ib without afterburner); mass flow, about 46.5 Ib/sec; 
pressure ratio, about 4.5:1; maximum thrust, 3,968 Ib, with reheat, at 12,200 
r.p.m. with s.f.c. of about 2.2 (basic engine rated at 2,866 Ib dry with s.f.c. of 1.1), 


FLIGHT 


an afterburner of their own design which will be standard on all Vipers 
manufactured for turbojet fighters. 

An unusval application is the mounting of two M.D.30s on the wing 
tips of the fsrious S.O. Trident rocket ters. Employed princi 
for cruising flight, the M.D.30s are handed left and right and have 
successfully flown at over Mach 1.6. 


HISPANO-SUIZA. Société d’Ex 
Suiza, Rue du Capitaine Guynemer, 


itation des Matériels Hispano- 
ois-Colombes, Seine. One of the 


largest firms on the Continent, Hispano Suiza are devoting virtually all 
their ae: ine effort towards gas turbines. They were initiated into 
this field by Rolls-Royce, whose Nene turbojet they manufactured to a 


total of over 1,250 units since the licence was signed almost ten years 
ago. Very extensive development has stretched the power of the 
basic Nene design and, in their final centrif engine, the Verdon, the 
company have the most powerful turbojet this layout in the world. 
As far as the writer can gather, this engine also has a higher pressure 
ratio than any other single-stage-centrifugal unit. Total deliveries of 
“Rolls-Royce-type” centrifugal turbojets now exceed 1,800. 

Over 200,000 flight hours had been recorded last summer by the 
company’s centrifugal engines, and production will continue for at least 
another year upon Verdons for the Mystére IV. In 1953 the company 
embarked upon the design of an engine of their own. They chose a 
small axial turbojet of the type visualized as suitable for pai installa- 
tion in NATO light-attack aircraft. This engine, the R.800, is described 


below. 

Considerable accessory developments have also been undertaken in 
the fields of materials, cOmbustion, afterburning and control systems. 
In January an announcement was made of technical co-operation with 
Turboméca in all fields of gas-turbine research, production and 
An agreement signed in Jan provides for the establishment of a 
joint organization to put this into effect. 

R.800. The design of this unit began in the winter of 1952-53. The 
R.800 is an attractive small turbojet intended principally for twin- 
engined military applications. Only a very moderate pressure ratio has 
been employed and, at full Pan | a substantial contribution will be 
made by the afterburner. Mechanical design-features include: com- 
pouanetinad anti-icing; rigid pipes to feed the ten Duplex fuel burners 
and the eight injectors of the afterburner; compressor blades of light- 
alloy up to stage four, and of steel thereafter; hollow turbine inlet guide 
vanes, with air cooling; electric starter and high-energy ignition. 

The prototype R.800 was first run at the end of 1954, a few days 
after the SNECMA. Vesta, and it was originally scheduled to fly at 
the beginning of this year. Production is now likely in view of the 
decision in favour of the Turboméca Gabizo. Intended applications 
include the Bréguet 1100, the Mystére XXVI and the S.E.Durandal. 

although several hundred are in service with the French, Indian 
Israeli Air Forces. Improvements to the basic Rolls-Royce design have 
involved p ive advances in both mass flow and top temperature, 
and one of engines to described end 

The Verdon, which is now the standard powerplant of the Mystére 


Nui 


i 


hi 


Hispano-Suiza Verdon 350. Turbojet. Double-sided centrifugal compresror, 
nine tubular busti hambers and single-st turbine. Overall diameter, 
S50in; 103.2in; dry 2,061 Ib; 132 Ib/sec; pressure rctio 
4.9:1; maximum thrust, 7,710 Ib (dry) at 11,100 r.p.m. s.f.c. of 1.1. 


000.000 


bi 
( 
any) 
iza: Verdon turbojet. 
| 
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ofan cagine similar tothe Brush Tay. The present engine, however 
engine similar to the British Tay. The present engine, however, is 

yoy werful than corres developments in Britain and America. 
urning version with a two-position 

this did not go into 


production. 


driven by 

group takes 200 h.p., of which a substantial 

up by the single, centrifugal ramjet fuel pump, which delivers u 

4.4 gal/sec (15,850 gal/hr) at = Jb/sq in for a weight of only 37. tb. 
general geometry of the 022 is shown alongside. 


NORD. S.N.C.A. du er 20 Rue Vernier, Paris 17e. 
for the aircraft 


Pulsejets. Ge came wan, eve Se 
original German t mass-produced in World War 2 zo Se 
Fil03 (V.1) flying bomb. A 


favourably evaluated by the Royal Navy 


Development has 
contract from = 


ly it development was carried out on pylon-mounted 
units slung under a Ju88G but the bulk of the recent work has been 
conducted by a Meteor N.F.11. Free-flight trials have frequently em- 


Leduc 022. Supersonic aircraft with integral ramjet. The body forms the 

for a supersonic ramjet, suitable for Mach numbers in excess of 2.0. In the centre 
is mounted an Atar 101 F which provides starting 
thrust and drives accessories Maximum 
thrust ar 140000. TR This may fy the end of this year. 


aircraft. Direct pitot intake and two rings of fuel injectors, there being four 

nozzles on the upstream ring and eight on the other. Diameter, 23.6in; length, 

127.9in; weight, 158.4 Ib; net thrust at 621 m.p.h. at sea level, 1,100 Ib, with con- 

sumption of 1.76 'b/sec (s.f.c., 5.75); at 39,360ft, 264 Ib, 
with consumption of 0.42 Ib/sec (s.f.c., 5 68). 


le with rocket Acceleration 


exist for Nord ramjets but only the 
engine) may be described. 

POTEZ. Société des Avions et Moteurs Henry Potez, 46 Avenue 
Kléber, Paris 16e. Units in active status include air-cooled four- 


t a complete was 

500 h.p. The general standard. 
pe and a considerable amount of flying com- 
pany’s anti-tank aircraft, designated eee 75. A senneeeé ¢ application 
is the Italian Agusta-Zappata AZ-8 four-engined transport. 
SALMSON. Société des Moteurs Salmson, 68 Rue Pierre-Charron, 
Paris. At the company’s factory at Billancourt development, production. 
and spares-manufacture is upon four basic models of coger 
engine. These comprise the 8 AS04 A, an inverted-vee-cight of 
260 h.p. used in various t aircraft; the 9 NH 02, a nine-cyli 
radial rated at 220 h.p. whi is the only French engine certificated in a 

pter version; and the horizontally opposed four-cylinder 4 AH and 
6 AH, of 100 and 145 fo respectively. 


Société d’Etude de la Propulsion par R. 1, 37 Rue des 
Acacias, Paris. No further information is officially a le on the 
work of this rocket-motor company to supplement that iatisient on 
April 9th, 1954. It is known, however, that the company are committed 
to the development of propulsion systems for various missiles and 
ed aircraft. ee eee oe ployed is nitric acid and the 
has been variously aniline, alcohol, petrol or kerosine. 
One of the most important installations is that for the forthcoming 
S.O. 9050 Trident supersonic fighter. The “high-speed” 
of this aircraft will be provided by a four-barrel motor with a thrust 


Potez 8 D 30. Piston ine. Inverted-vee unit with eight air-cooled cylinders, 

supercharger and reduction gear. Width, 31.3in; height, 31.6in; length, 63.7in; 

bore, 4.92in; stroke, 4.72in; swept volume, 719 cui in; dry von 745 Ib; maximum. 
rating, 500 h.p. at sea level at 2,650 r.p.m. with 11.1 /sq in boost. 
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intake centre-body. The most recent design to have flown is the Leduc at 
021, the two examples of which have made over 200 air-launched flights — = 
since the middle of 1953. qf 
Attention is now concentrated upon the supersonic Leduc 022, which 
has the financial support of the French government. Little is yet known : 
of the 022 apart from the shape, and certain details which were publicly 
shown last year. Among the latter can be counted the accessory grou ‘ 
ramme initiated by the Arsenal de PAéronautique and continued ae 
by SFECMAS. the B ‘ 
work is carried out at Nord’s facility at ue Béranger. ; 
Chatillon-sous-Bagneux, and involves pulsejets, ramjets and, more a 
recently, rocket motors. plo 4 
ang] ne 
achieved solely on the thrust of the ramjet and the ultimate velocity he 
reached normally exceeds 1,620 m.p.h. Several production applications Bias 
target aircraft, which has been Bee it 
f The life of the Type B is at fern 
| 
E 
: S.N.C.A. du Nord: Meteor N.F.11 flying with Type 600 ramjet. : 
present some five hours under all conditions including recovery from A 
the sea after each mission. é 
for five years under 
tique, and is probably the 
Nord “propulseurs” department. 
Extensive trials have taken place with both subsonic and supersonic 
units involving free-flight ramjet-powered vehicles and conventional test- 
bed aircraft 
S.E.P.R. 251. Bi-tvel rocket motor running on nitric acid and alcohol or petrol. | | 
Dimensions of chamber and weight of unit not available. Full-throttle thrust, 
approximately 3,000 ib. This single unit has been tested in S.O. 6025 and 6026 — 
Espadons; a quadruple-barrel unit will power the S.O. 9050 Trident. je 
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of approximately 11,000 Ib (a prototype S.O. 9000 has exceeded Mach 1 
on one barrel). Thrust and duration of firing are controllable. The 
company are also develo ping slightly different motors for the Dassault 
550 and S.E. Durandal delta-wing fighters. These motors will run on 
acid /JP-4. 

S.N.E.C.M.A. Société Nationale d’Etude et de Construction de 
Moteurs d’ Aviation, 150, Boulevard Haussmann, Paris 8e. As the official 
French engine company (founded on Gnéme-Rhéne) this extensive 
—— is heavily engaged in several aspects of aircraft propulsion. 
Last year, S.N.E.C.M.A. completed ten years of existence as a national- 
ized concern. The headquarters are in the centre of Paris; the chief en- 
gineering facilities are at Suresnes (project and design-planning and 
prototype manufacture), Melun-Villaroche (bench testing and flight 
development), Kellermann (engine production, technical direction and 
sales), Billancourt (piston-engine roduction), and Gennevilliers (an 
extensive foundry specializing in light t-alloy parts). In March the forma- 
tion of an Atomic Department was announced, at Suresnes, for investigat- 
ing aircraft nuclear-propulsion. Total payroll exceeds 9,500. 

n addition to the development the engines described below, 
S.N.E.C.M.A. is ae an extensive programme into v.to. 
aircraft, which, free-flight trials of pulse-jet vehicles, has 
now been extended to include the “ Atar,” consisting of a turbo- 
jet free to rotate about all axes a tabilized by vanes within the 
propelling nozzle. Another development concerns the variation of 
propelling-nozzle area by aerodynamic means, and the development of 
thrust reversers using concentric gutters into which a proportion of the 
jet is deflected by means of a centrally disposed air-injector. S.N.E.C.M.A. 
thrust-reverse licences have been granted to Bristol Aircraft, Ltd., and 
Aerojet-General (U.S.A.). 

Atar. This engine remains the most important aircraft 
of Continental European design. Its genesis lay in B.M.W. work 
World War 2; the first prototy were completed by 1948 
established a rating of 3,740 Ib. Barly production engines were fitted 
with a sliding tailpipe “bullet” to control propelling-nozzle area, and 
such engines were used in some Ouragans (at 5,280 Ib thrust) and all 
Maystére IIs (at 6,270 Ib). 

In the Atar ved D-1 a change was made to eyelid shutters for the 
same purpose; this engine was rated at 6,615 Ib and had 20 per cent 
better pressure ratio and 16 per cent greater airflow than the proto- 
type. '_— trials of engines based on the 101 D (designated 
101 F) winter of 1952-3, the rating being finally set at 
8,370 Ib. he 101 F as a 150-hr test in ril last year. Fuel is 
Pal eb the flame is by a pair of circular 
| age nozzle eyelids are actuated by pneumatic 


production are the 101 E 
E-series an extra stage 


The major versions of Atar at Tw wy 
and its afterburning derivative 10 In the 
was added to the compressor (to a total of eight), the first-stage blades 
being made of steel, and the governed speed was raised to 8,400 r.p.m. 
Large numbers of 101 E3s are being made for Vautours, at a rating of 


7,702 lb. Even larger numbers of 101 G2 af rated 
at 9,700 Ib, are needed for Super Mystéres and other i 
craft. All aspects of the operation of the Atar up to the 

been thoroughly explored. > good under all conditions and 
on all standard aalieery fuels, and life and reliability are very satis- 


, largely owing to the inherent ruggedness of the design. 


S.N.E.C.M.A. Atar 8. Turbojet. Ni annular combustion 
chamber and (probably) turbine. 2in; length, about 

as shown; dry weight, about 2,100 Ib; mass flow, about 140 Ib/sec; pressure 

about 7:1; maximum thrust, 9,255 Ib at 8,400 r.p.m. with s.f.c. of about O93. 


S.N.E.C.M.A. Vesta. Single-shaft turbojet. 
with ten burners and _ 


flow and press 
be no less for the same cer and less weight than 
engine relocate accessories in compact groups. 

Vesta. The prototype R.105 nn 1954, at the 
preliminary rating of 2,645 Ib. The unit was to meet the 
same French Air Ministry specification as were the Hispano-Suiza R.800 
and Turboméca Gabizo (and it appears that the last-named engine has 
won the contract). Features of note are the ten fuel injectors 
rigid pipes; the two igniters fed from a high-energy 
compressor casing; the manner in which a single, 
the combustion system and turbine; ~ 


S.N.E.C.M.A. Atar 101 F-2. with afterburner. Seven-stage compressor, 
; afterburner to reheat to 


turbine 
about 1,900 deg K. Overall dicmacer in; 227 Bin: dry weight, 2,557 Ib; 
mass flow, 110-112 Ib/sec; pressure ratio, 4525; maximum thrust, 8,370 ib at 

8,300 r.p.m. with s.f.c. of 2.0 (without afterburning, about 6.500 tb with af.c. of 1.02). 


| 
compressor, 
about 50 Ib/sec; 
pressure ratio, about 5.5:1; maximum thrust, 3,085 Ib, type tested, at 11,000 
r.p.m. with s.f.c. of 0.99. An afterburning version of the Vesta has been developed. 
that an 8,150-Ib rating could be obtained from an im- 
101 E geometry, but such an engine has been over- 
model termed Atar 8 (model-numbers will be used in 
actory 
S.NE.CM.A.: production Atar 101-£3 for Vautour. 
“tue 
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— eepen struts which act as air outlets; the drives 
bo vertical intake stress; and the deicing bleed fom the 
fifth compressor stage. 

Several prototypes have now run some hundreds of hours, and trials 
with afterburning units are intended to reach a thrust exceeding 4,000 
Ib. Even without an afterburner it is hoped to achieve an eventual dry 
rating of 3,308 Ib; the value given in the data was reached in January. 

Vulcain. This large turbojet was type-tested over a year ago at 
13,200 Ib dry thrust, but development is understood to have ceased. 
The Vulcain was described on April 9th, 1954. 

Pulsejets. Development is continuing upon valveless, resonant- 
duct engines of the type originally evolved by Bertin. All the effort is 
being concentrated upon units which are, ratively speaking, bent 
back upon themselves in the manner depicted in the drawing. A con- 
siderable number of prototype units has now been manufactured, and 
much of the development is aimed at v.t.o. applications. Much the 
largest unit so far announced is one rated at 190 Ib thrust, which is 
supplied in a monocoque casing for Dutch Aviolanda targets. 

Piston Engines. A total of approximately 500 Bristol Hercules 758 
engines is required by the expanded programme for the Noratlas trans- 
port. S.N.E.C.M.A. have already delivered over 200 from Billan- 
court and remain in full production. Limited production is also con- 
— on the 4L (170-h.p. inverted four-cylinder unit) and the 600- 
h.p. 12S (inverted vee-12). 


J 


S.N.E.C.M.A. Ecrevisse Type B. Resonant-duct engine. Single resonating duct 

with “recuperator’’ which biasses flow in one direction, both intake and ing 

nozzle facing rearwards. Height, about 23.5in; width, 11in; overall 1° Sin; 
dry weight, 22 Ib; maximum thrust, 66 Ib with an s.f.c. of 1.35. 


TURBOMECA. Société Anonyme Turboméca, Bordes (Basses- 
Pyrénées). It is exceedingly di to obtain news of the work of this 
company in the extreme south-west of France, and their engines are 
accordingly not covered as completely as are those of other companies. 
This is | unfortunate since Turboméca have evolved a profusion 
of unique attractive small gas turbines—named after in the 
Pyrenees—which are yy not only at Bordes but are being 
licence-manufactured in Great Britain, America, and in other countries 
including Japan and (soon) Germany. 

Earlier this year an agreement was si with Hispano-Suiza, under 
the terms of which a new company will be established to accelerate the 
two parent firms’ gas-turbine research and development programmes. 
Both parent companies will share the technical and financial direction 
of the joint organization. 

All the earlier Turboméca engines were relatively short, stubby units 


Turboméca Gabize. Turbojet. Single axial compressor stage followed by 
my bust chamber and single-stage 
turbine. Overall diameter, 26.5in; length, as shown, 86in; dry weight, 500 Ib (see 
note in text); mass flow, 32.6 Ib/sec; pressure ratio, 5.1:1; maximum rated thrust, 
2,426 Ib with s.f.c. of 1.04; maximum continuous rating, 1,940 Ib with s.f.c. of 0.96. 
With an afterburner this engine will be rated at approximately 3,350 Ib. 


Turboméca Autan. Air compressor. Single axial compressor stage followed by 
single-sided centrifuga! stage, flow divider, h busti chamber and 
single-stage turbine. Large collector volute around combustion section with 
extraction face for air output. Overall diameter, about 17.6in; length, about 49in; 


dry weight, 220 Ib; mass flow, not stated; pressure ratio, 5.1:1; maximum con- 
tinuous output, 3 Ib/sec of air at 75 Ib/sq in with fuel consumption of 400 Ib/hr, 


Turboméca Soulor. Ducted fan or by-pass turbojet. Single axial stage of 
compression followed by a single-sided centrifugal stage, annular combustion 
chamber with flow-divider, single-stage turbine and concentric jet pipes. Overall 
diameter, 18.5in; length, 58.6in; dry weight, 313 ib; mass flow, not available, but 
| ye d about 15 Ib/sec; pressure ratio, believed to be about 5:1; take-off wor 

Ib thrust with s.f.c. of 0.8; maximum continuous rating, 600 Ib with s.f.c. of 0.78. 


employing a si , single-sided, centrifugal compressor of about 4:1 
pressure ratio. e latest crop, however, are fitted with an additional 
axial stage upstream of the eye of the centrifugal impeller; not only does 
this improve the efficiency but it increases the length of the fore-part 
of the engine and makes it much easier to accommodate accessories 
around the intake casing. Turboméca have been careful to keep down 
the diameter of their newer designs. 

Arbizon. This neat turbojet bears the same relationship to the Palas 
as does the Gourdon to the Marboré, i.e. it is a direct scale-up to a thrust 
of 550 Ib. Superficially, however, the Arbizon can be dis- 
tinguished by its lengthened profile (like that of the other new Turbo- 
méca units) which allows the installation of additional accessories 
around the intake casing. Prototype Arbizons were running last year. 

Gabize. Although it follows traditional Turboméca practice in 
most respects the Gabizo is designed to more advanced targets than 
were its predecessors and it provides considerably more than double 
the thrust of the Marboré for only a slight increase in bulk. An im- 
proved pressure ratio has been obtained by employing an axial stage 
of compression upstream of the centrifugal rotor, and some strengthen- 
ing of the structure was necessary to meet the stress requirements of 
high-speed fighter operation. Most of the applications specify an after- 
burner, and development of this is proceeding in parallel with that of 
the basic engine. In the data (for a non-afterburning engine) the weight 
quoted includes starter/generator (2.5 kW), oil tanks and 
gearbox with drives for pumps for hydraulics and afterburner 
totalling 55 Ib. 

Several prototypes began trials during 1954 and 1955. A 20-hr 
qualification test was completed in May 1955 and a ang teen 
engine successfully passed the full 150-hr type test last ember, 
stripping very well. An initial batch is now being completed for in- 
8 tion in various prototypes, including one afterburning pair for the 
Mystére 22-01. Very large orders are anticipated. This is certainly 
the company’s major programme at the present time. 

Gourdon. In all essentials this new turbojet is a scaled-up Mar- 
boré. Detail refinements in design have been made, but trials 
had apparently not begun last summer. Pertinent data are: overall 
diameter, 22.5in; dry weight, 380 Ib; take-off rating, 1,450 Ib with 
s.f.c. of 1.02; maximum continuous rating, 1,150 lb with s.f.c. of 0.96. 

Marboré. Since the French Air Ministry ordered 105 Magister basic 
jet trainers in 1953 the Marboré has been Turboméca’s chief “bread- 
and-butter line,” total contracts and deliveries already amounting to 
some 400 engines. The Marboré is in e-scale uction by - 
tinental, U.S.A. (q.v.), but is not yet made by Blackburn. It is a simple 
engine of the older Turboméca layout (4:1 pressure ratio) and is rated 
in France at 880 lb thrust. A missile version, with about 1,000 Ib 
thrust, has also been developed. 

Soulor. It is now some eight years since the Aspin ducted-fan, or 
by-pass turbojet, started bench trials. This unit never reached the 
production stage, but the Soulor has been evolved as a more refined 

ign which should be more reliable and easier to maintain. 
¢ existence of the new by-pass engine was revealed last summer, 
and it is understood that at least one prototype has now run. In effect 
it is a “Palouste-type” air-compressor engine (with the new axial/ 
centrifugal compressor) in which the excess air is not tapped off but is 
blown out from a propulsive jet. The flow is divided at the entrance 
to the combustion chamber. 

Autan. Succeeding the Palouste IV is a new air-compressor unit 
with this name, incorporating all the im; ents characteristic of 
the new series of Turboméca engines. ost important of these, in 
this connection, is the increased pressure ratio, which makes a notable 
difference to economy. The Autan also offers substantially greater 
delivery of air than did any previous “Palouste-type” engine. It is 


Turboméca: Gabizo turbojet display model. 
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reported that the Autan is well advanced in development running and 
is shortly to undertake a full 150-hr type test. 

Palouste. Production series to a total of over 150 engines are now 

ing scheduled through the works at Bordes, nearly all of these being 
for Djinn pressure-jet helicopters. In the Palouste the excess delivery 
of air from an over-size compressor is extracted through a duct, the sole 

oo x, the being to supply compressed air suitable for 

ulsion or for various industrial purposes. The latest 

—- = > 5 t alouste IV, in which the output has been raised from 

1.9 Ib/sec —y 2.5 Ib/sec. it is fitted to the Djinn and is equipped for 

hand or electric starting. A new item is the sonic venturi which 

the extracted air passes, which automatically controls the delivery to 
prevent excessive jet-pipe temperature. The weight is 199 Ib. 

Artouste. Several different development-stages of Artouste have 
appeared since the late 1940s, but nome have been ordered in iarge 
quantities. All have been single-shaft units, with a reduction gear- 
box mounted at the front end. An indication of the increase in power 
which Turboméca have wrung from a severely restricted com 
clear from the ratings of the various marks: Artouste I, 28 
Artouste II, 400/410 h.p.; and, finally, Artouste ITI, 600/650 h.p. 
these are shaft powers. 

The Artouste ITI was first seen at the 1955 Paris show and it had 
then been on test months. It incorporates all the new advances 
characterizing the latest Turboméca units. 

Bastan. At present the new Bastan is the most powerful shaft- 
driving engine yet to have been developed by Turboméca (and, since the 
demise of the S.N.E.C_.M.A. TB-1000, it is the largest turboprop in 
France). Although it is of the more recent Turboméca layout the 
maximum rating of 800 h.p. indicates a mass flow of the order of 
12 lb/sec, which does not tie up with any existi1 
pressor unit. A prototype ran last year and 
to begin 12 months from now. Special 
engine are being evolved. 

Marcadau. This name is to the airscrew 
prop) versions of the Artouste at 600/410 


ree-turbine, shaft-driving engine which 


so far, been built in large numbers. 


WASSMER. Société B. Wassmer, 13 Rue Etienne Dolet, Paris. This 
company, which has manufactured sailplanes and t aircraft, last year 
exhibited an exceedingly attractive conversion of the familiar $50 cc. cc. 
Dyna-Panhard car resulting Dyna-Wassmer 850 is an 
air-cooled flat twin 143 Ib and providing a take-off power of 
35 h.p. at 3,700 r.p.m. on 8 fuel. The company have designed 
a wg power installation, including cowling, accessories and exhaust 
ly, which should be marketed at a competitive price. A pre- 
production unit was exhibited last summer and the engine is 
to become available in the not too distant future. 


ITALY 


_ Alfa Romeo S.p.A., Wee, Marco Ulpio Traiano 33, 
Milan. No new are at present in hand although the well-known 
115Ster (similar to a Gipsy Queen) remains in active status. Since 1954 
considerable new overhaul equipment has been installed in the works at 
Pomigliano d’Arco, Na to fit the establishment for their present 
work of overhauling in turbojets and Wright R-3350 piston engines. 


FIAT. Fiat S.p.A A 7 Corso G. Agnelli 200, 
Turin. Compared =e most other Italian firms, the giant Fiat —_ 
ization is prosperous and active. The ones entered the gas-tu: 

field in 1947 with the manufacture of Gob! a for the Italian Air 
Force, and later manufactured complete Ghost 48s, of which more than 


ALFA ROMEO. 


Fiat Ghost 48 Mk 1. ‘urbojet. Single-sided centrifugal com . ten com- 
bustion chambers and si: turbine. Overall diameter, tones length, 130.Sin; 


by Ay 2.175 Ib; mass flow, 88 Ib/sec; pressure ratio, 4.5:1; maximum thrust, 
ib at 10,250 r.p.m. with s.f.c. of 1.09. * Made under de Havilland licence, 


Turboméca Artouste Ill. Single-shaft turboprop. One axial compressor stage 
followed by a sing ee ee and 
two-stage turbine. Overall he n; widch, 17.Bin; length, approximately 68in; 
333 Ib; mass flow, b/sec; pressure ratio, 5.1 :1; tcke-off rating, 

s.h.p with 6,000 r.p.m. output-shaft speed and s.f.c. of 0.73; reve 3 


Turbojet. Single-sided centrifugal reverse-flow annular 
combustion chamber with 12 fuel injectors and single-stage turbine. . 
diameter, 22.35in; length, 40.7in; dry weight, 219.5 
about 8 Ib/sec; pressure ratio, 4:1; maximum thrust, 550 Ib at mm. 
s.£.c. of 1.25. A free turbine, shaft-drive version of 800 


Sather 
for this engine to power the third batch 
In 1953, the first American off-shore contracts were placed, 


i contracts have now been granted for J47-GE-33s ( 
plemented to include J47-GE-17B Fiat-assembled F-86Ks) 
and parts-manufacture for Wright J65s. 
Fiat also have three projects of their own, one of which 
is described below. ° 


ily 
is ingenious and of high gual Bench 
there 


= concerns is no news of the engine’s 


having flown. 


LEADING J have collaborated to form 


Jo "Company (010 Tanashi-machi Kitatama-gun, 
the auspices of mar Government. One of the 
Ohi Heavy Industries, Ltd. (Naigai Building, 18 


compan’ 

4) cen Oe | o-l, des- 
on more than one proto- 

t-test stage, which is scheduled 

he other unit is more ambitious : 


compressor, annular combustion chamber and two- 
stage turbine. ponent testing has been in progress for several 
months but there is no of a complete engine having run. 

In April 1954 the Fuji utomotive Company were licensed to manu- 
facture Continental engines, includi turbines derived by the 
American company from Turboméca . It is reported that 4h 
licence cost £53,600 and that Fuji will pay a £27 a = of 
the first 400 engines manufactured and then an £18 royalty up to a 


major programme of Ishikawajima Heavy Industries is the licence- 


FLIGHT 
‘at Thon. | 
[hess 
a 
— 
ie ale 
= 
was rdered 
1 Tarmo. igi y 
French Army, the 
Y has been completely redesigned (both by the original company and by 
Blackburn in England) for aircraft use. The aircraft version has not, 
80 were o: 
now have 
Aquilons. 
the largest, at 1 Of 1954, being wort over 3 and cover 
overhaul and ares \.-29 turbojets for NA 
: but overhaul and spares-production is going ahead in various plants for 
a Pratt and Whitney radials, Rolls-Royce Merlin 500s and other engines. 

Model 4002. This small turbojet, the first of various Fiat gas-turbine 
designs to be built, is a real attempt at the evolution of a simple, cheap 
and ecasily-maintained powerplant for military trainers, targets and 
certain missiles. Shaft-drive derivatives are also under development 

for helicopters and industrial applications. 

The front-end contains an integral oil tank and auxili drives. A 
highly rated centrifugal compressor is employed, the im; and pre- 
whirl unit being engineered for easy manufacture. short drive- 

pe shaft leads to the axial turbine with fir-tree-mounted blades. Particu- 
Tokyo) un 
member-co 
M 
or which responsibility now rest 
the first to reach the running stag 
' e=4 a cribed on p. 585. Some hundreds of } 
| type, have taken the engine to the fii 
ad r i) | ai ; to begin before the end of the year. Th 
| 
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47, presumably to meet the needs 
of the Mitsubishi-built Sabres. wajima are already in full pro- 
complete engines. 

An even more ambitious proposal has been put forward by 
Mitsubishi themselves, who are trying to obtain a licence from Pratt 
and Whitney Aircraft for the manufacture of the J57. It is reported 
from Tokyo that, although Mitsubishi have opened negotiations with 
United Aircraft, the U.S. Defense Ag is not disposed to agree to 
manufacture of any parts of the J57 outside America at present. 

For three years the Kawasaki Aircraft Sean has been Goatees 
@ flat-six, geared piston engine which owes much to similar American 
units. The swept volume is 448 cu in and the maximum rating 260 
h.p. at 3,400 r.p.m. Fixed-wing and helicopter applications are foreseen 


and production is in hand for several aircraft of Japanese d » includ- 
ing at least three by the Kawasaki six A large fea in the 
Kawasaki cap was the award the U Far East Air Logistic 
Force of a contract for the overha: turbojets; 
this work has now been in progress for and is giving 


the firm valuable jet experience. 


Jo-1. Single-shaft turbojet. 
and sing! turbine. 


E compressor, combustion 
With, Vin: height, 35 109in; 


te pe not mass flow, about 1.8 Ib/sec; pressure 
4.5.1; maximum Ib at unspecified 


ratio, 
r.p.m. with s.f.c. of 1.01. 


O 


Axial compressor, ann combustion chamber and single- 
erall diameter, about Soins te length, about 120in; weight, about 
1 Ib; mass flow, probably about 70 Ib/sec; pressure ratio, about 5:1: maximum 
chrust, about 4,400 Ib with an s.f.c. of about unity. This drawing is pro 


Tu 


SPAIN 


E.N.M.A. Empresa Nacional de de Aviacion, S.A., Calle 
Antonio Maura 4, Madrid. For four this firm has ‘manufactured 


engines to designs of the former 
the 150 h.p Bb. wy « and the 500 h.p. Sirio. The latter engine 


is still very m under development but, as the scheduled power unit 
of future C.A.S.A. Alcotans, is being intensively worked upon. Flight 
trials are place with a Sirio’ mounted on the nose of Jus2, 
driving a s y-designed de Havilland four-blade airscrew. 


The company aso hold licences for the manufacture of small gas 
turbines of Tu: éca design. At present Artouste shaft-drive units are 
being imported for Aerotécnica helicopters but the intention is that 
such units will be nationally produced. Before this can be done there 
will have to be a great increase in Spanish knowledge not only of gas 
turbines but also of metallurgy, accessories and other factors. 

LN.L Instituto Nacional Industrial, Madrid. In co-operation with 
Hispano Aviacion, S.A., and the Instituto Nacional de Technica Aero- 
nautica (I.N.T.A.), this organization has developed a turbojet in the 
2,000 kg-thrust class designated I.N.I.11. The accompanying (pro- 
visional) drawing —~ the general disposition of accessories above the 
and the large tailpipe bullet which projects beyond the 


compressor 
ipe-attachment . The prototype unit a rather heavy, and 
& a one-piece cast casing over the entire combustion system. 


Hispano are believed to have been largely responsible for the design, 
but testing is taking place at I.N.T.A., the prowtype having firet ran 
at least six months ago. ~ 
for the now-defunct Hispano-Suiza delta fighter. 


S.F.A. Svenska Fly, ‘or A.B., Trollhdtten. Prior to 1950, licences 
were si with the de Ha Company, under the terms 
of which S.F.A. mass-produced a special version of the Ghost turbojet 


and carried out their own develo t upon it. Between 1950 and 


pmen 
1955 over 600 Ghosts were made by S.F.A. with the designation Ghost 
R.M.2. (above, col. 2). 
In 1953 the decision was taken to manufacture the Rolls-Royce A’ 
4m, were undertaken at Troll. 
included extensions to the under- 
large numbers of machine 


hhitten for this purpose, The 
ground workshops and the introduction of 


tools not needed by the centrifugal 
of that an additonal 600 employer 
Avon p 
that the company found 200 additional men and 
components to Stal and Gevarsfaktoriet of Eskilstuna. 
Svenska Flygmotor are also actively interested in ramjets and rocket 
motors for various applications. According to a recent American ay 
types of engine are now 
testing. 
Avon R.M.S. The 
are of the 7,500-Ib rating similar to the RA.7. roportion of these early 
batches have afterburners and at least one z. ed are required by the 


A-32 Lansen programme. S.F.A. are also going to make ey: advanced, 
cooled-turbine Avons which have been reported to 

tions Avon 47 and 48. These five- 
into production with afterburners, 
Saab-35 “double delta” fighter. 


c-thrust engines will probably 
pplication being the su; 


GRA, Ghee ROAD, Fighter turbojet with afterburner. Single-sided centrifugal 
compressor, ten 3 and single-stage turbine. Swedish-designed 
afterburner with two-position, twin-eyelid nozzle. Overall diameter, 53in; length, 
143in; dry ht, 2,510 Ib; mass flow, 88 Ib/sec; pressure ratio 4.5:1; maximum 
6.280 lb Ib with afterburning at 10, r.p.m. with s.f.c. of about 2.2. 


Ghost R.M.2. Since about 1950 S.F.A. have been developing and 
manuf: Ghosts for the Saab j-29 fighter. The engines have a 
single, central air intake (all other fighter Ghosts have bifurcated ~ may oe 
Approximately three years ago the company initiated an afterburning de- 

velopment, which is described beneath the drawing. Production of these 
engines is now tapering off, the modified J-29F being powered by con- 
verted R.M.2s from previous production. The afterburner has been 
tailored to fit the J-29F and increases the engine-length only 7in. 
Fuel is supplied by a centrifugal pump driven by a tage air 

turbine and is injected from uj The burners and burnt at vee-gutter 
i .F.A. design, provides for variable thrust 

t on. 


SWITZERLAND 


SULZER. Sulzer Brothers, Lid., Winterthur. An “Service was 
signed in January 1951 between the Swiss Government Service Tech- 
nique Militaire and the de Havilland Enterprise covering Swiss licence- 
production of Venom airframes and Ghost engines. The S.T.M. dele- 
gated the work to several companies of which the chief is Sulzer Broth 

with Adolphe Saurer as major contractors. Sulzer Brothers constru 

a new factory for Ghost-manufacture and production began four years 
ago. Over 60 engines had been delivered by the end of 1954 and limited 


U.S.A. 
AEROJET. Aerojet-General C subsidiary of The General Tire 


and Rubber Co., Azusa, Cal. Since its formation this company has con- 
centrated upon "rocket motors. Originally to booster 
units—of which they are the largest suppliers in the world—Aerojet’s 


rust. 
A big expansion is taking at a new site at Nimbus, near Sacra- 
mento, Cal., and Aerojet also operate a new Air Force rocket-test 
constructed at Ft. Crowder, an Army base in Missouri. 


facility being 
The company is also the sponsor of a programme at Prince- 


Aerojet-General LR45-AJ-1. A.t.o. booster rocket. 
equal chambers mounted on a frame in the on each side of the 
fuselage. Thrust per chamber, 4,500 Ib. Propeliants: probably acid/JP-4. 


it~ 

= 

| | | a 
Oo by 

: 

—) 


586 


AERO ENGINES 1956... 


ton University for the further knowledge of the controlled combustion 
of propellants, particularly those of the composite type using a plastic 
binder and a granulated oxidizer. In February Aerojet received an Air 
Force contract for the construction of facilities for pilot-production of 
large liquid-rocket motors. 

A.T.O. Units. Many versions are in production. Typical is the 
15KS-1000, developed for the U.S. Navy Bureau of Aeronautics. Provid- 
ing 1,000 Ib-thrust for 15 sec, this unit weighs 144 Ib filled. It was the 
first such unit to be certificated by the C.A.A. and is available at £178 
including igniter. A junior 250 Ib-thrust version, weighing 42 Ib filled, 
should be certificated this year, and another mass-produced unit weighs 
236 lb and provides 4,500 Ib-thrust for 5 sec. 

Many other types of solid-fuel rocket have been delivered in quantity, 
both for launching missiles and for driving high-speed sleds for re- 
search purposes. ese units have ratings up to 33,000 or 50,000 Ib. 

Permanent, liquid-propellant a.t.o. installations have now reached 
the service-test stage for the U.S.A.F. One of these is illustrated. 
Another is a single-chamber unit designated LR63-AJ-1, which is in- 
stalled in Republic F-84Fs. Delivering about 6,300 lb-thrust this unit 
is spread along a 10ft tubular framework mounted under the F-84F tail- 
pipe, the fuel being supplied by turbo-pumps to give controlled firing. 

Large Rockets. At the new Sacramento facility Aerojet are testing 
motors rated at up to one million pounds thrust from three or four 
chambers. The major part of this work is to provide the propulsion 
for the first stage of the Martin Titan I.C.B.M., but Aerojet also hold 
the contract for the second-stage motor of Project Vanguard, the I.G.Y. 
satellite. If these motors follow the practice initiated with the company’s 
Aerobee sounding rocket they will run on nitric acid and a mixture of 
alcohol and aniline. 


AIRCOOLED-FRANKLIN. Aircooled Motors, Inc., Liverpool 
Road, Syracuse 8, N.Y. Manufacturers of the well-known family of 
Franklin engines, this company has gained a very strong position in the 
rotary-wing field, and can claim that three-quarters of all the helicopters 
of American design now flying are F in-powered. There is no 
evidence of any gas-turbine work, but a significant development is that 
of a turbo-supercharged engine. 

In our April 9th, 1954 issue we published details of the most-used 
helicopter ine, the 178 h.p. Franklin 6V4. This remains in produc- 
tion, with other units, but the engines described below are the most 
important new developments. 

0-425-2. Basically a standard Franklin 6V6 flat-six unit, this Navy- 
sponsored development is supercharged by a positive-displacement 
(Rootes-type) blower driven from the crankshaft by quill shafts. Extensive 
detail modifications have been made and the engine can be installed at 
any required angle. Although the swept volume remains 425 cu in, the 
O-425-2 has a take-off rating of 300 b.h.p., which the blower can main- 
tain up to 8,200ft. The normal rating of 285 h.p. can be maintained to 

0-425-13. Also known as the 6V6-300-D16FT, this is a further de- 
velopment of the basic 425 cu in engine, fitted for use with a turbo- 
supercharger. The latter is of the company’s own design, and it is to be 
made available for use on any piston ine between 200 and 400 basic 
maximum h.p. A single row of shrouded Stellite blades is driven 
exhaust gas at up to 1,625 deg F inlet temperature, automatic con 
being provided by a Bendix-Eclipse regulator. The turbine drives a single 
centrifugal impeller, the complete turbo-blower unit being mounted on 
the airframe and not on the engine. 

Tied-down testing began during the winter of 1952-3 in a Sikorsky 
S-52 helicopter airframe, and the unit has its military qualifica- 
tion tests at 300 h.p. up to 3,000ft. i that 40in manifold 
pressure shall be maintained to 16,000ft. 


ALLISON. Allison Division of General Motors 
6, Indiana. Early this year Allison delivered their 100, aero engine. 
Of this total, some 70,000 were V-1710 piston engines which went into 
production in 1939. Nearly all the remainder were turbojets of basic 
G.E. design, the J33 and J35, with which Allison have an impressive 
record of production. They are also the only American company to have 
devoted more than relatively minor attention to the turboprop, and, 
- aes development, are beginning to reap some reward in 

s sphere. 

Nevertheless the research and development ability of the company 
has not, in the past, been as great as the size and wealth of the great 
parent corporation would suggest. By the beginning of 1955 it was 
apperent t, if Allison were to stay in the lead of so competitive a 
business, something drastic would have to be done. In March, 1955, it 
was announced that £26.8m of Allison was to be invested in new 
research, development and testing facilities for advanced gas turbines at 


Allison 333-A-37. Expendable turbojet for missiles and drones. Double-sided 
centrifugal comp . 4 busti hambers and single-stage turbine. 
Di , Bin; Hed length as shown, 156in; dry weight, 1,750 Ib; mass flow, 
:1; thrust (one wa Ty. ), 4,600 Ib at 11,750 r.p.m. 

Matador pilotiess bomber. 


90 Ib/sec; pressure ratio, 4. 
with s.f.c. of 1.14. This engine powers the Martin 
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Aircooled-Franklin ©O-425-13. 
Helicopter piston engine. Six 
horizontally-opposed air-cooled 
cylinders, direct drive with cool- 
ing fan; exhaust-driven turbo- 
supercharger (not shown) mount- 
ed on the airframe. Vertical 
crankshaft. Width, 34.2in (over 
valve covers); height, 40in; bore, 
4.75in; stroke, 4in; swept volume, 
425 cu in; dry weight, 462 ib 
(including turbo-superchar: 
maximum 300 h.p. 


r.p.m. with 4 ib/sq in boost. 


Maywood, Indiana (Plant 8). This was to cover, inter 
research space to Im sq ft and increasing the develo 
per cent. Some £3.6m has been allocated to the 


alia, doubling the 

ent staff by 40 

r n al t phase of the 
[aa and the entire expansion is to be completed in 1959. 

Motors interest in acquiring the Nuclear Development Corpn. 


could put Allison in the atomic ; but, at the moment, there is 
no indication that the division is working on anything but gas turbines. 
The development of a missile engine yet ey has had far-r i 


columbium was developed. 
Allison engines at high tures. 

The division’s future is based sq ly on advanced turbojets and 
turboprops, with an avowed bias towards split-compressor, high-pressure 
engines. Most of the current funds seem to be going into designs for 
large supersonic turbojets, Allison are certainly a big company going 
into the business in a big way, but, as they themselves admit, they 
have to be cleverer than they have been in the past.” 


> 
€ 
| 
Aerojet-General: launch of Aerobee test-vehicle. 
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design restrictions previously deemed necessary and has also shown the 
: way to the use of cheaper materials. It was for this programme that a 
|~ cast _turbine-blade alloy (GMR-235) containing no cobalt, tungsten or 
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VALVE VERSATILITY 


In the aircraft industry, not all design advances are spectacular. 
Relatively unseen improvements make a vital contribution to 
aviation progress. Such a contribution is a new approach to 

fuel system requirements evolved recently by Flight Refuelling Ltd., 
pioneers of pressure refuelling. 

Lightweight, high efficiency, multi-purpose components have been 
developed which, by combining 2 or more functions in a 

single unit, reduce multiplicity of fuel lines and simplify the 
planning of complete fuel systems of any capacity. 

The fuel system now becomes a carefully integrated whole, 

with all component parts, from filling point to engine feeds, 
designed to provide the maximum of efficiency with the 
minimum of weight. 


lectrically op d. Double 
shut-off feature gives added safety factor where 


Similar to the Mark 27, but with the transfer side 


the valve will ically close to pr 
air transfer to engines. 


Tarrant Rushton Airfield, Dorset 
Tel.: Blandford 501 


Grams: Refuelling Blandford 
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YELLING 
Q 
> 
FR PRESSURE REFUELLING COMPONENTS —ALL ALONG THE LINE! 
Mart 2 Vane 
Electrically operated; rated flow 50 g.p.m. \ AY 
Weight 2 lb. 14 ozs. 
Mark 32 Deuble Shut-off Valve 
Mark 29 In-line Dual-purpose Valve LZ) 


*““W” TYPE TEST STAND 


For the testing of in-line radial 
piston engines up to 4,000 horse 
power. 


“T” TYPE TEST STAND 


For the testing of Turbine pro- 
peller engines up to 5,000 horse 


power. 


“J” TYPE TEST STAND 


For Turbo-jet engines up to 25,000 
Ib. thrust. 


TYPE TEST STAND 


For in-line and radial piston en- 
gines up to 500 horse power. 


LIMITED 
CURRAN RD. CARDIFF 


Standard designs 
200’ 0” to 30’ 0” spans 


TROPICAL SHEDS & HOUSES 
GODOWNS * BARRACKS ‘ OFFICES, ETC. 


SS 
AOS. 


FOR HIRE. Erection masts 30ft. to 120ft. high. Cranes and lifting tackle. 


BELLMAN HANGARS 


LIMITED 


BOBART HOUSE, GROSVENOR PLACE, LONDON, $.W.1 Tel: SLOANE 5258 Cables: Unitstruct, Sowest 
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with ten flame tubes and three-stage turbine; 
bi conditions. Diameter, 47.6in overall 


in basic); length, 191in with extension pipe (172in as shown); dry weight, 
pes mass flow, about 160 Iib/sec; pressure ratio, about 8.3:1; maximum thrust, 
about 10,200 Ib ar 6.100 r.p.m. with s.f.c. of 0.8. This engine powers the B-66 series. 
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large quantities in America, 
ener centrifugal turbojet to have 
Sco of £13,500 abe end of 1954 over 13,000 had been deli at 
00—the lowest cost per unit thrust of any U.S. 


Two main families exist, one having increased mass flow and 
thrust. The former series, a by the J33-A-35 (used in T-33s) 
has frequently exceeded 1,200 hr without overhaul, but the later engines 
have given some trouble; an example is the J33- ‘A- 16 (F9F-7), which 
was temporarily grounded in August, 1954, with fuel-nozzle-support 
fatigue cracks. Total flight-time now approaches 4m hours. 

Reduced production is now concentrated upon the J33-A-37, a “one- 
shot” powerplant for the T TM-61A pilotless bomber. Develo 
started in October, 1950, the requirement being five hours (test plus 
missi life. The A-37 is a low-cost engine, although the reliability 
level is in no way reduced. An 85-per-cent reduction in critical materials 


the J33 is also 


has been effected by employing novel ues, of which many have 
po ese powerplants, like the 
ts of the TM-6ls, are ship direct from the factory to a 

Pn the Seld, for assembly by Air Force enlisted men. 

“ps. One of the U.S.A.F. standard axial turbojets. As in the case 
of the J4 567, lonaes overhaul, increased life and reduced stockpiles (largely 
resulting from th air-supply of overseas units) have caused orders to be 
cut back. The J35 schedule was reduced by 523 engines, res in 

ies being completed last summer; total production to 


Q 


Allison T40-A-10. Each section has a 1 


compressor, eight 
39.6in; height, 34.5in; 
pressure ratio, 6.3:1; maximum rating, 5,850 e.h.p. (5,250 s.h. 
oo a= with s.f.c. of 0.66. This engine powers the Convair R3Y 


compressor, fou 
turbine. Width, 27in; height, 36in; length, 145.2in; dry weight, 1,750! 
flow, (3,460 s.h.p.+ 
726 ib) at 13,820 r.p.m. with s.f.c. of 0.54; maximum cruise rating at 25,000 at 


This engine is used chiefly in the straight- 
with afterburner, in F-89s; it is, with the J33, almost 


since 1946 


This big, single-spool engine has been 2 tough job for Allison, 
and _™ comments April 9th, 1954, still apply. It was not vag A 
through its 150-hour Air Force t test until last summer although 
first ran more than four years ier. 

It is now in production in two major versions, The engine illustrated 
is for the U.S.A.F. and powers the Douglas B-66 series. "For For the Na 
Allison are delivering J71-A-2s for the Bags ay Demon F3H- 
The A-2, and the later A-7, are fitted with a large afterburner for high- 
altitude operation, which boosts the maximum thrust to 14,000 Ib at 
the expense of an overall length of 284.6in and a weight of 4,869 Ib. 
Another Navy version, the A-4, has a short afterburner giving 13,000 Ib 
for take-off; it was chosen for the prototype P6M SeaMasters. 

All J71s have a complex Minneapolis-Honcywell electro-hydraulic 
control system, weighing 100 Ib, which makes the engine 
self-protecting and automatic in oo. First orders were placed 
22 months ago, for 275 J71-A-9s B-66As, costing £12.2m. Some 
of these were ay the later A-11, for RB-66Bs. Allison lost 
£12.9m when the cancelled 200 F3H-2s but some hundreds 
remain and 29 F3H-1s ve been modified to take the Allison i 
Many J71-A-3s have been used in the long-range SM-62A Snark - 
less bomber programme. 

tion engine, al 

the Convair Turboli nearly 
500 flights by the summer of 1954, oy mounted two YT38s 
rated at 2,925 e.h.p. A TS6 has now been installed on one side, 
presumably for sp tests. 

A suitably m T38 has been flown in the XF-88B supersonic- 
airscrew test-bed at slightly over Mach 1 in shallow dives at full 

wer. x. T38-A-6s were mounted “in the Vertol (formerly 
Pinscciay “viet 6A helicopter, which has now been written off. 


power 

and four-stage turbine. Overall width, 
long. 180in ; dry weight, 2,990 ib; mass flow (total), 
+240 Ib) 

ing-boat. 


Allison Model 501-D13. , Single-shaft commercial tu 


rboprop. 
ber with six flame tubes and 


39 Ib/sec; pressure ratio, 9. 25:1; ; maximum rating, 3,740 e.h.p. 


360 kt, 1,850 s.h.p.+145 Ib (same r.p.m.) with s.f.c. of 0. 


Allison: production 156-A-1 
turboprop for C-130A. 


587 in 
gas turt 
vill 


Bell: final inspection of three-barrel motors for SM-63A Rascals. 
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gearbox, this “double-barrelled” turboprop is now in limited Navy 
service in R3Y flying-boats. Convair’s E. C. Stout, who was chiefly 
responsible for this aircraft, is quoted as saying “the T40 is back and 
is going to stay. ... It justifies the heartaches we've had getting 
it to work.” 

During 1953-54 the -— and vibration problems were finally 
beaten, and a new i -hydraulic clutch (to decouple a dead 
half-unit) was introduced. A better and simpler engine/airscrew control 
system, with an auto-decoupler, and a new lubricating system have now 
been standardized. Later it is intended to employ an over-running 
free-wheel on each power section. 

In August 1954 all T40s were grounded, but they worked satis- 
factorily last year and now have some 3,500 hr flight time. A special 
XT40-A-1, with afterburner (unique for a turboprop) is fitted to the 
XF-84H supersonic-airscrew test vehicle. In November 1952 Allison 
began bench testing v.t.o. engines, with a revised oil system, control 
equipment and reduction gear and modified to increase the shaft power 
at the expense of jet thrust so as to drive a larger airscrew at increased 
r.p.m. This series has now been established as the YT40-A-14, used 
in the XFY-1 and XFV-1. 

TS4. Originally this was to be a “double-barrel” power or 4 
employing T56 power sections driving a common reduction gear. Little 
has been heard of it since it was projected in 1953, but it is scheduled 
to power later XF-84H test-beds and may become the standard engine 
on later Douglas C-133s. 

TS6. Evolved from the T38, this is the standard “si 
power package for military purposes. Com with the T38 it has 
a much greater mass flow, accommodated a cannular combustion 
system. The restriction of constant-r.p.m. operation has, however, 
been retained. 

Construction is generally of steel, although magnesium is used for 
the casing of the remote 450-Ib two-stage reduction gear. It is notable 
that the power section is extremely slim, the intake duct passing upwards 
behind the gearbox, the latter being driven by a shaft embodying an 
electronic torquemeter. The four turbine discs are all splined to the 
same shaft, which is carried in four bearings. The compressor, which 
is housed in a two-piece welded casing, is fitted with blow-off valves at 
the fifth and tenth stages for all running below the standard 13,820 r.p.m. 

First flown in the nose of a B-17 the engine ed to the service-test 

hase when two YC-131Cs began to fly with YTses rated at 3,250 h. 
st May, the M.A.T.S. 1700th Squadron were told to log 3,000 flight 
hours on these aircraft as quickly as possible; the task was finished in 
December, 46 hr 20 min being recorded by the two machines in one 
24-hr period. During this programme the overhaul time was raised 
from 50 to 200 hr, and consumption at 80 per cent power at 25,000ft 
averaged 123 Imp. gal/hr per engine. 

Last year production T56-A-Is n to be delivered for the C-130A, 
which will go into -scale T.A.C. service this year and should log 
some 300,000 engine-hours by August 1958. ¢ Navy is using a 
variant designated T56-A-2 for helicopter studies. Testing will shortl 
begin on the 4,050 ¢.h.p. D-8 engine, similar to the commercial D-1 
described below (Model 501). 

Model 501. Commercial version of the T56, the 501 is basically 
similar but employs a compressor cas of four forged quadrants 
permanently bolted together. In the Electra, its chief application, 
the 501 has the reduction gear offset below the power section, whereas 
the T56 usually has it mounted above. 

A C.A.A. certificate was granted in May, 1955, specifying 3,750 e.h.p., 
cruising s.f.c. of 0.44 and a dry weight of 1,650 Ib; the certificate was 
based largely on T56 running. Allison are quoting special-purpose 
delivery of the 501-D13 immediately, with commercial operation pos- 
sible from March 1957. In 1954 a price of £44,600 was quoted, but 
this has now dropped to £31,250/£32,500 as a result of increased T56 
production. Last year it was made clear that the 501 will be marketed 
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with all the force that the world’s biggest company (GM) can muster, 
and it has already been ordered by many airlines as a power package 
complete with Aeroproducts (also GM) airscrew. 

The standard Electra engine will, initially, be that illustrated. This 
501-D13 is expected to have an approved overhaul life of 625 hr when 
it goes into service in 1958, rising to 1,000 hr the following year. 
Allison are guaranteeing performance and maintenance costs (set at 
about £5 7s per flying hour, any excessive maintenance being performed 
free), and are offering exceptional after-sales service. f 

By 1959 the 501-D15 will become available, with a design rating of 
4,050 e.h.p. This incorporates a compressor in which, 
the inlet guide vanes and allowing transonic flow in the first three 
stages, the mass flow and efficiency have been raised. The <ncreased- 
area turbine has shrouded blades in the first two rotor stages and curvic 
couplings between discs. Allison are to offer kits with which the 
initial D13 Electra unit can be brought up to D15 standard at a cost 
of £7,850 per unit, or under one-quarter the price of a new 
The potential of the D15 is calculated at 4,500 e.h.p. 

Model 550. An advanced turboprop, this engine is intended to keep 

Allison ahead during 1960-65. It will be a two-spool unit with a 
pressure ratio of about 13 : 1, designed to very high turbine-inlet tem- 
peratures. The 550 will be dimensionally similar to the 501 but has 
a design power of rather more than 5,000 e.h.p. with a minimum s.f.c. 
of about 0.385. Drawings have been released for prototypes, and 
commercial service should be possible by 1960. 
A.MF. American Machine and Foundry Co., Turbo Engineering 
Department, 12270 Montague Street, Pacoima, Cal. Late in 1953 this 
division of the parent company of New York started operations, manu- 
facturing power packs for manned aircraft and missiles. The basis of 
these units is a turbine energi by the controlled combustion of a 
liquid-propellant rocket, in a manner similar to monofuel starters. 
A.M.F. are now making complete aircraft-propulsion units of this . 
the first application being a pressure-jet helicopter in which the et 
drives en air-compressor, the delivery from which is mixed with the 
combustible rocket exhaust and burnt at the rotor tips. Another unit 
is a ram-rocket, the rocket being mounted in the centre of the duct 
and acting as a flame-holder once self-sustaining speed has been reached. 
BARMOTIVE. Barmotiye Products, Inc., San Leandro, Cal. 
For a considerable period this company has made the Nelson flat-four, 
air-cooled engine, which has been used in several light aircraft and 
sailplane airframes. The ine has now received Government support 
and powers the Gy ne pany of America XRON-1 and Hiller 
XROE-1 single-seat utility rotorcraft. A £71,500 contract is held from 
the Navy Bureau of Aeronautics in respect of engines for aircraft. 
BELL. Rocket Engine Department, Bell Aircraft Corpn., P.O. Box 1, 
Buffalo 5, N.Y. Since World War 2 a considerable proportion of the 
company’s attention has been devoted to the development of all kinds 
of rocket motors, and the Rocket Engine Department is now one of 
the largest divisions of the company. It occupies two principal facilities, 
one at the company’s own plant at Wheatfield, N.Y., and the other at 
U.S.A.F. Plant 38 nearby. The company’s rocket-engineering staff, 
numbering over 600, are mainly situated at Wheatfield, where 25 test 
cells give an indication of the intensity of development. The Govern- 
ment facility is engaged entirely upon the development and acceptance- 
testing of production units. 

Development is proceeding upon complete rocket systems including 
combustion chambers, bottles and tanks, controls, turbo-pumps, valves 
and propellant lines. Production has been continuing for more than 
two years on one-, two- and three-cylinder rocket motors, the most 
important of the latter being the powerplant of the company’s own 
SM-63 Rascal. This 1,000-m.p.h., air-to-ground missile thas a self- 
contained propulsion group with three similar, superim barrels. 

h chamber is regeneratively cooled and the supply of propellants is 
automatically controlled by the Rascal’s guidance system to produce the 
optimum required flight plan. 

Bell have ten years’ with motors oxygen/ 
alcohol, hydrogen peroxide/hydrazine, chlorine trifluoride /hydrazine 
and acid/JP-4. The latter propellants are today employed in most of 
the company’s production engines and the company have run more 
than 20,000 firings on this combination alone. Ceramic-lined chambers 
and variable-thrust motors are in production, but the major contribution 
of recent years is undoubtedly the development of an aluminium-alloy 
chamber of radically simple desi 
rated at 6,000 Ib thrust. Such bers represent a great i 
achievement; they have performed well during 10-minute runs and 
individual motors had logged a total of over an hour of firing-time by 
January last year. The overall rocket programme at Bell is one of the 
world’s largest, and much of it has supraterrestrial applications. 
BOEING. Boeing Airplane Co., Box 3107, Seattle 14, Wash. 
Development of small gas turbines continues, for aerona' indus- 


Boeing 502-108. Free-turbine engine. Single-sided centrifugal compressor, twin 


mined by circular intake-silencer), 22.7in; length, 42.8in; dry weight, 255 Ib; mass 
270 s.h.p. (no 

r.p.m.) with s.f.c. of 1.01. 


flow, 4.1 Ib/sec; pressure ratio, 4.25:1; maximum rating, 
made for residual thrust) at 37,000 r.p.m. (output, 3.090 
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trial, marine and automotive purposes, the chief aircraft units being 
described below. Ramjet work in connection with the GAPA project, 
leading to the IM-99 Bomarc missile, has been left largely to Marquardt, 
but a very-long-term programme has been initiated with a view to 
developing a propulsion system for the company’s Model 110 — 
sonic bomber using ethyl-boron fuel. Boeing are also ——— 

Pratt and Whitney Aircraft in the evolution of a ni we 


$02-2. Similar to the later 502-10B in layout the 502-2 works at 
3.15:1 ure ratio and has a mass flow of 3.6 Ib/sec and a weight 
of 230 ib in fixed-wing form, the maximum rating being 175 h.p. A 
slightly later version, with the Service designation YT50-BO-3, was 
tested in a Cessna L-19, and reached 37,063ft, a world class-record. 
Some hundreds of hours were also logged by a pair of engines in an 
experimental Kaman helicopter. 

$02-10. In this model the mass flow, pressure ratio and component 
efficiencies have all been stepped up considerably. Several hundred 
detail modifications distinguish this unit from the first Boeing gas 
turbine, and further improvements in power and s.f.c. are expected to 
be realized. A variant, designated 502-11, forms an aif-compressor 
unit for starting large aircraft, the basic ‘free-turbine engine 
permanently coupled to a two-stage centrifugal compressor. 
CONTINENTAL. Continental Aviation and 
12700 Kercheval Avenue, Detroit 15, Mich. This company 
placed themselves in the fortunate position of having major development 
and production programmes in hand for both piston engines and gas 
turbines for both military and civil applications. Piston engines will cer- 
tainly stay an important part of the company’s business for many years 
but the bulk of research expenditure is devoted to small gas turbines 
of basic Turboméca (France) for which a licence was obtained in 
1951. Uprated developments of the J69 and TS1 (described below) 
will shortly be announced. 

j69. This small turbojet is a , and Americanized development 
of the Turboméca Marboré. The original facilities contract, worth 
£715,000, was placed by the U.S.A.F., who followed with a production 
order in ‘April 1954. A considerable effort was devoted to tooling-up 
Air Force Plant 27, Toledo, Ohio, for this purpose, and deliveries, 
scheduled for the spring of 1955, did not begin in earnest until October. 
Several hundred have now been delivered; a further £1.3m order was 
placed last summer and Continental’s planned facilities permit a pro- 
duction rate in excess 7h 4 100 J69s per month. 

Deliveries are being made of two major variants: a 920 lb-thrust 
engine (C.A.E. Model 352) for a and a 1,000 Ib-thrust 
unit (Model 354) for target drone missile applications, the latter 
(J69-T-19) having a mass flow of 19.6 Ib/sec. The former is the power 
unit of the Cessna T-37 i S.A.F, basic trainer and examples have also 
been installed in AY Production of the 
Model 354 has been "exclusively Air Force Q-2 Firebee and for 
Radioplane missiles and targets. 

TS1. Basically a shaft-driving unit similar to the French Artouste, 
oa powerplants have been evolved for various helicopter, aueame 

and ground applications. No ‘cheese production has yet been ord 

but the engine has been utilized in several prototype applications. The 
XTS1-T-1 (C.A.E. Model 210), of 280 h.p., was used successfully in the 
Bn XH-13F helicopter and in the Cessna XL-19C fixed-wing aircraft, 

which first flew in September 1953. The equivalent ad & the French 
Artouste II (mass flow, 6.3 Ib/sec) is designated T51-T-3 (Model 220-2) 
and, rated at 400 s.h.p. ., it gained world altitude and speed records for 
helicopters in a -39, 

A parallel programme been undertaken with free-turbine 
basically similar to the French in to A 
engine in comparison with the er (single- t) Is. 400-s.h.p. 
free-turbine unit, designated XTS51-T-5, or Model 260, is now being 
installed in the XH-39 for this purpose. 

Piston As is the case with American cars, a “horsepower 
race” has developed among private-owner aircraft. For the Bonanza 
(for example) the Continental E-185 flat-six of 205 h.p. has now entirely 
given way to the 225 h.p. E-225. Various new flat-six units are now in 

uction, one of the most the supercharged and 


prod geared 
GSO-526, which is ~ in w-drag powerplant for the 
Cessna 620 four-engined trans 

Limited production continues Pifor helicopters and convertiplanes) on 
various ratings of R-975 nine-cylinder radial between 475 h.p. and 
the R-975-38 of 600 h.p. The latter has an S.U. direct-injection system 
which may be employed on other Continental engines. 


Continental: Model 260-2 
(U.S.A.F. XT51-T-5). 


Continental 569-T-9 (Model 352). Trainer turbojet. Single-sided 
compressor, and single-stage turbine. 

diameter, 22.3in; length as shown, 51.7in; “74 weight, Ib; mass flow, 16.2 
pressure ratio, 4:1; maximum thrust, 920 Ib at 22,700 r.p.m. with s.f.c. of 1.13. 


Continental (Model 210-1). _ Single-shaft turboprop. Single-sided 
centrifugal compressor ber and single-stage turbine. 
Overall width, ht, 23.5in; length, 54.3in; mass flow, 4.4 Ib/sec; pressure 
ratio, 3.7:1; dry weight, beighe, 28 maximum rating, 290 e.h.p. s.h.p.+ 40 Ib) at 
34,000Jr.p.m. with s.f.c. of unity. Another type of T51 is illustrated below. 


Fairchild J44-R-20. Special-purpose turbojet. Diagonal-flow (centrifugal eye and 

axial periphery) compressor, ber with 12 burners and 
le-stage turbine. Basic diameter, 22in; length as shown, 88.5in; dry weight, 

eee with basic accessories; mass flow, 25 ‘Tb/sec; pressure ratio, 2.5 A; maximum 
thrust, 1,000 Ib at 15,780 r.p.m. with s.f.c. of 1.5. This is a “long-life’’ engine. 


FAIRCHILD. Fairchild Engine Division of Fairchild Engine and 
ee Corpn , Deer Park, Long Island, N.Y. A high proportion of 

y's client is concentrated upon the J44 turbojet, described 
am bn is is one of the few gas turbines which owe nothing 
piston-engine heritage, and it is unusually simple and cheap to build 
and maintain. 

Last autumn the ine Division occupied a new 400,000 eq ft plant 
at Deer Park which is now their headquarters. It includes a particularly 
well-equipped research and development establishment for small gas 
turbines, features of which are a 15,000 h.p. compressor test rig and 
automatic systems for recording and reducing data. 

J44. Originally this unconventional turbojet was pocpensd to meet 
a conservative Navy specification of 1947, calling for a missile engine of 


589 
| 
: 
SSS = 
| irs SS 
a jos 
| = | 
( | 
C — | 
Til!) 
eS 


AERO ENGINES 1956. 


1,000 Ib thrust weighing 300 lb. These requirements were met by the 
first pre-production units, which weighed 267 lb and had an s.f.c. a little 

+A than 1.5; the first flight was the propulsion of a Navy missile 
in 1950. 
Since that time the _— has been progressively redesigned and steadily 
up-graded in status, t to re-usable drone (Firebee) power, then to 
puloted-experimental (v.t.o.1.) use and finally to permanent installation in 
manned aircraft, initially as an a.t.o. booster. Missile applications remain, 
a a version being used to power the company’s own Petrel AUM 
mussiic 
Construction is monocoque and accessories are strapped on to the 
exterior by turnbuckle bands. The cost, at present about £4,800 for 
missile units and £7,200 for a.t.o. boosters, is expected to be brought 
down to about £2,500 by engineering refinement and increased produc- 
tion. The greatest yearly shipment of J44s (probably last year) totalled 
240 units. Performance is not outstandi but a lot of effort is going 
into development, and reliability and ease o! installation mr 
the next few years the pressure ratio will be raised output 
efficiency will be improved, largely by increasing the governed speed. 
J83. Development running of the XJ83 Air Force expendable engine 
is already well-advanced, and it is hoped that it will go into large-scale 
= next year for pilotless aircraft and, possibly, missiles. 
ign thrust of 2,000 Ib has been reached. Early versions are remark- 
ably simple and are weighted in favour of low t cost, but long-life 
developments will be much more refined. A developed J83 may power 
the winner of the U.S.A.F. competition for a multi-jet cuuiiiiatien 
transport and combat-proficiency trainer. 
FORD. Aircraft " * Division, Ford Motor Co., 7401 S. Cicero 
Avenue, Chicago 29, I With the cancellation of “second- 
source” contracts following the cessation of hostilities in Korea Ford 
are now the only second-source engine firm in America. The payroll 
at the acro-engine plant at E. Wacker Drive, Chicago, exceeds 10,000. 
After delivering 3,079 R-4360 piston engines Ford tooled-up for 
the J57, also of Pratt and Whitney design. They are now in full 

roduction with this ¢ ¢ and have shipped more than 2,000 to date. 

rlier this year a £2. = contract was received for “implementation 
of the larger J75, the first Ford-built being 

J75-F-9. 

GENERAL DYNAMICS. The General Dynamics Corporation, 445 
Park Avenue, New York 22. Construction work recently began upon a 
£3.6m nuclear research and development facility for a long-term pro- 
gramme aimed at reducing reactor cost and complexity. The programme 
is directed by Dr. F. de Hoffmann, vice-president and general manager 
of the General Atomics Division. Another division, Convair, is 
co-operating with General Electric in nuclear propulsion (g.v.). 


GENERAL ELECTRIC. The General Electric Company, Aircraft 
Gas Turbine Division, P.O. Box 198, Cincinnati 15, Ohio. The vast 

G.E. complex of industries is large enough to allow individual divisions 
to ignore immediate considerations of production in order to progress 
in strides quite beyond the capacity of smaller firms. A new organiza- 
tion, styled Aircraft Gas Turbine Development ae was formed 
last August in order to concentrate on really capable engines for Mach 2 
requirements. Their terms of reference stress the need for “more 


imagination and more advance per dollar” in development, considerations 
of production arising only when a particular project has been selected 
for production. 


General Electric 347-GE-23. Single-shaft turbojet. Twelve-stage 
eight combustion chambers and single-stage turbine. Diameter, 39.5in; 

144in: dry weight, 2,650 ib; mass flow, 100 ib/sec; pressure ratio, 5.5:1; maximum 
5,800 ib (6,500 ib with water 
This is the» powerplant of 


thrust, 
0.98 Ib/hr/tb. 


medium bomber. 


m. with s.£.c. of 
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General Electric: model of com- 
plete powerplant Convair's 


YB-58A bomber. ine is 
179 turbojet vith afterburner. 


Aircraft-engine development is concentrated at ae 9 near Cin- 
cinnati, although the company also maintain a Small Aircraft Engine 
Department at Lynn, next to Boston, Mass. (where the company made 
the first American jets, to Whittle’s basic formula). Two of the res; 
bilities of the S.A.E. department are the J83 and T58 described 
and a turboprop smaller than the T58 is also being —— At 
Evendale the cancellation of 1,500 J47-25s caused a limited reduction 
> Oe pee but this is now building up once more in preparation for 
79 
Approximately £14.3m of company money is being 
tensions at Evendale and Lynn, not counting considerable capital 
programmes financed by the U.S. 7 Kamen By ting A.G.T. divi- 
sion research and davceqenent facilities are valued at a 
cost of £35.7m, and the development centre at Evendale a | 
1956 and 1957, be expanded by the addition of the most 
privately owned engine-test plant in the world. Enabling full-scale test- 
ing to 4 done at 2,300 m.p.h. airspeeds, it will simulate conditions 
appropriate to Mach 3.5 at 60,000ft. 
n addition to being a leader in development in both 
aeronautical and other fields, the company are as well placed as any 
other firm in the world to meet requirements for atomic power reactors 
and large rocket motors. Last year a 4,500-acre site near Peebles, 
was purchased for tests on v.t.o. aircraft and reverse-thrust jet engines. 
A further facility is a ramjet and general combustion laboratory operated 
at Schenectady, New York. 
j47. No other gas turbine is known to have been made in larger 
numbers than this simple axial turbojet of 1945-46 design. Deliveries 
exceed 36,500 and reduced . continues. Over 3,000 basic 
modifications have nes J47 to a high pitch of development, 
and the overhaul period has risen from 15 hr in 1948 to a Mp many | 
allowable 1,200 hr on some models, although the achieved figure 
resent engines have “hot-nose” ice protection, ceramic-coated com- 
bustion-chamber liners, a floating turbine shroud, curvic-coupling rotors, 
high-energy capacitor ignition and a new form of water-injection 
The afterburning engine illustrated, which powers the F-86D, 
also incorporates new inlet guide vanes, “Hotstreak” afterburner- 
a ceramic-lined afterburner and a ith 


the tank. Overhaul life on this model is 225 hr. 

Over-ordering (due to under-estima engine-life) led to contracts 
for 5,831 Air Force engines being ied in September 1953. 
“phased-out” the second-source firms, Studebaker and 
though the latter held a pilot line until last summer. 
Spares Inventory last 5; listed J47s, the being down to 
£16,100 per engine. From 1947 to th of this year the J47 
flew 9m hours, and Sabre (F-86F) engines averaged 33,000 hr per 

inflight shutdown during the past two years. 

J73. Although dimensionally interchangeable with the J47 this axial 
turbojet offers roughly 60 per cent more thrust. It is now thoroughly 
well developed and has been in production since 1951. A project to 
boost thrust by injecting fuel into the tailpipe (in the manner of a 
rudimentary afterburner) appears not to have been ied with. 

Although trial installations have been made in ~} bt 
only one production application, the Sabre F-86H, and should 


being spent on ex- 


magn 
steel present J73s 4 a high proportion of titanium 
which reduces the weight below i 
to have had much trouble with the new alloys 
proportion in later designs. 

J79. Undoubtedly the finest engine ever developed by G.E. this 
supersonic turbojet is certain to oulenen & the company’s 
It is at present the only example, in the Western nations at of 
the high-compression, variable-stator engine. Several rows of com- 
pressor stator blades are of variable incidence, the setting of each 
row being adjusted by rams moved by engine fuel. Optimum flow 
angles are thus realized for each stage at any engine speed, and to a 


AW. 
hell nozzle. Diameter, length, 228in; 
Ib/sec; pressure ratio, 5.5:1; maxi thrust, 
reheat, 7,650 Ib with s.f.c. of 2.0). 


General Electric J47-GE-33. 
Twelve-stage compressor, eight 
with ¢ 

weight, 3,200 Ib; mass flow, 102 
7,950 r.p.m. with s.£.c. of 1.01 (with 


O 
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considerable degree the results are at least com to those of a 
—— unit. Present types of J79 are all-stee 

ough there are other types of J79 it is believed that the arrange- 
ment described beneath the drawing is typical. Considerable rig- 
testing was necessary in order to tie the several variables together 
electronically and provide for single-lever control. The engine has 
constant-speed characteristics, an advantage of this being that full 
aircraft hydraulic output is retained on the approach. Another result 
of keeping r.p.m. constant is that the power can be built up from 
flight-idling to maximum in from four to five seconds. Most 79s are 
likely to be afterburning engines to provide very high thrust at about 
Mach 2 while retaining economical subsonic characteristics. 

Four podded 79s are specified for the B-58; it was reported that a 
specimen engine was delivered to Convair at Fort Worth as long ago 
as August last year, but this was probably a mock-up. An after 
model is standard on the production F-104A (intended to reach M= 
and to have a subsonic range of 1,800 miles) and the engine is also 
scheduled for at least three other Air Force fighters including a long- 
— intercepter and a fighter/bomber both by North American. 

samuel version, derated to some 10,500 Ib and designated 
ey: $05, is already running. It is specified for the projected Convair 
Sk lark 600 medium-range airliner. 
¢ first 50-hr qualification test was run 
ach testing began this spring using a production 
F- 104A and an F4D naval ee first time, 
incidentally, that the engine has been associated with the Navy. 

J8S. A major product of the Small Aircraft Engine Division of f the 
company, this 2,000 Ib-thrust engine was originally d ted MX2273. 
It has a very simple poo febsicaned construction, wi 
compressor, axial cc ber and e-stage turbine. 
applications are in short-life drones, but long-life versions are now being 
actively developed. The prototypes weigh under 300 Ib. 

X-84. This is the company designation for the turbofan, or by- 
pass engine, which G.E. have been doggedly developing with their own 
money for some years. Last October it was reported to be “in an 
advanced state of development,” but the U.S.A.F. are stated to have 
shelved plans to buy it in quantity. The design thrust was 10,000 Ib, 
and the unit is claimed to be “small to retrofit into current 
operational aircraft.” 

TS8. This free-turbine engine is at present one of the most im- 
portant units under development by the company’s Small Aircraft Engine 
department. Originally designed to meet the requirements. of the U.S. 
Navy Bureau of Aeronautics it is being —, in several forms for 
helicopter, fixed-wing, marine and industrial a 
cently stated by the Navy that their future 
around this engine.” 


lications. It was re- 
pter plans “centre 


A typical form of T58 is depicted in the drawing. The power quoted 
is the maximum current rating of this form of the engine but future 
development is aimed at increasing output to 1,250 s.h.p. As the draw- 
ing shows, the compressor casing is split into upper and lower halves 
and the exhaust is taken out through a duct (bifurcated in some applica- 
tions) which passes around the output shaft. Engine accessories are 
driven partly by the com wd --< whereas airframe accessories will 
be mounted either on turbine reduction gearbox or on the 
rotor hub. 

Rocket Motors. A long-term programme for the development of 
large rocket motors has been active since 1947. Initial work was based 
lergely on units developed from the motor of the V-2, and one of the 

first lines of development was to incorporate improved materials and 
transfer all the starting-system components to ground units. Nearly 
three years ago the company had a 20,000 Ib-thrust chamber ready for 
production, and connidecstly larger sizes have since been developed. 

One of the company’s largest rocket contracts is that for the propulsion 
system for the first stage unit of the Project Vanguard satellite. Con- 
siderable research, with advanced motors like the RV-A-10, has led 
to large, solid-propellant motors for guided missiles. 

A £36m research and development programme into all as; of 
pe. is at present being conducted by G.E. engineers, who have 
access to the Aircraft Gas Turbine Division’s materials laboratory and 
component-development laboratory at Cincinnati. Last October it was 
announced that the company was testing advanced chambers approxi- 
mately half the weight of previous units of equal thrust. Testing of the 
latest types of motor is y carried out at the U.S. Army Rocket 
Establishment at Malta, N. 


Atomic Power. General Electric are in receipt of a U.S.A.F. prime 
contract for the development of a power installation for a nuclear- 

ered aircraft. A wo reactor was last year installed in a Convair 

36 to assist in the determination of the ae ent of 
shielding. Originally this aircraft was scheduled to fly in June 1956 
but there have been reports that it flew late last year over Texas and 
the American South-West. In February the Atomic Commis- 
sion announced that testing had begun of a prototype G.E. aircraft 
engine at the National Reactor Testing Station at Arco, Idaho. 


Hiller Helicopters, 1350 Willow Road, Palo Alto, Cal. 

ears helicopter firm have deve! a small 

i is now in luction for the Hiller H-32 (U.S. 

Navy NOE.1) light helicopter. ted Hiller 8RJ-2B, the unit 

is intended to be mounted on a 23ft-diameter rotor, giving a hovering 

air-speed of 662 ft/sec at 550 r.p.m. The maximum attainable thrust 

per unit is 58 Ib, equivalent to about 45 h.p., but the data given in the 
table are those for normal operation. 

This ramjet was the first to be certificated, without restriction, by the 

CAA. and over 2,000 hr were run on 

development units in 1954 alone. 


JACOBS. The Jacobs Aireraft Engine Company, Pottstown, Penn- 
sylvania. Steady development is continuing upon the various 755-cu-in 
radial engines in our issue of April 9th, 1954. Alm Almost all the 


ter turbojet. Twelve-stage compressor, cannular 

combustion c ber with ten flame tubes and two-stage turbine. Be 
nozzle to adjust engine conditions for Height, 43.8in; 
width, 37in; ‘ise th, 178.7in (148.2in without nose bullet); dry w weigh 3,635 Ib; 
mass 5 Ib/sec; ressure ratio, 7:1; maximum thrust, 9. ib (dry) at 
$09. This engine powers -86H version of the sabre. 


General Electric J73-GE-3. Fi 


8,000 r.p.m. Wan 


| 
a 


General Electric J79-GE-3. Variable-stator, single-shaft turbojet with after- 
burner. Seventeen-stage compressor with five variable-incidence rows of stator 
blades, annular combustion chamber, multi-stage turbine and short 2,000 deg K 
afterburner with fully variable nozzle. Overall diameter, about 40in; length as 
shown, about 260in; dry weight, probably not more than 3,300 ib; mass flow, over 
170 Ib/sec; pressure ratio, - maximum thrust, 12,000 Ib dry, or over 16,000 Ib 
with reheat. * This drawing is based on a display model and is entirely unofficial. 


| 


General Electric YTS8-GE-2. engine. _ Multi-stage 
compressor, 

turbine stages. Reduction ges ear output at opposite to intake. 
dimensions: width, 15in; height, 20in; length, 62in; dry weight, about 480 Ib; 
maximum output, 850-950 s.h. p. with sfc. of about 0.70. Several versions exist. 


_ 


General Electric Rocket Motor. This drawing gives an indication of the 
— arrangement of a General Electric rocket motor of the 1950-52 period. 

turbo-pump group fed the propellants to a single large chamber with a long 
supersonic divergent portion, one propellant entering at the eye of the chamber 
= the other poo between the outer and inner walls. This unit employed 
of p giving a lower specific impulse than those to be used 
tn Project Vanguard: = G.E. moter for the first stage of this project will, however, 
be similar in appearance although it will be on a considerably larger scale. 


production capacity of the company is now devoted to the manufacture 
of components for military gas turbines under sub-contract to other 
companies. 

LOCKHEED. Lockheed Aircraft Corporation, 2555 North Holly- 
wood Way, Burbank, Cal. It is not generally known that this company 
were pioneers of the two-spool turbojet, with he L.1000 which Curtiss- 
Wright used as a basis of the J37. At present, various ene Mi are 
going f on ramjet and rocket power (largely by Missile 


Hiller €RJ-2B. Subsonic ramjet. Simple duct with central injector and 
flameholder comprising — rearward-sloping sa. Overall diameter, 8.4in; 
overall length, 21.2in; thrust at 662ft/sec, 


39 Ib; 10.2 is ramjet is intended for helicopter tip-drive. 
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Lycoming: T53-L-1 (Model LTC1B-1 helicopter unit). 
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Systems Division) and earlier this year Lockheed were named as occu- 

piers of what will become the largest research facility in the world for 

nuclear-powered aircraft. The new establishment will occupy 10,000 

acres near Dawsonville, Georgia, and will cost between £18m and 
principally 


£36m. Pratt and Whitney will be responsible for the 
“engine.” 

LYCOMING. Lycoming Division, Avco Manuf Corpn., 
S50 S. Main Street, Stratford, Conn. Since 1928 ooke ve been 


famous for their small- and medium-sized piston engines, of which many 
thousands have been made for all types of aircraft and helicopters. In 
1936 the company became a division of the Avco Corporation and it has 
now entered the small-gas-turbine business with production contracts 
for the U.S. Services in respect of engines of their own design which 
are described below. 

General direction of this new departure is the responsibility of the 
vice-president (turbine engineering), Dr. Anselm Franz, a pioneer of 
—- development in Germany where he was largely responsible 

or the design of the Jumo 004 turbojet. The two turbines listed below, 


the T53 and TS5, are now being intensively developed at Stratford 
against joint U. SAF. / Army contracts. Both ree-turbine 


are engines in 


and two mechanic- 
Overall diameter, 23.5in; length, as shown with 
weight, 549 ib; mass flow, 10.8 Ib/sec; 
at 22,400 power-turbine 

(Note: the helicopter unit vou 460 Ib 
haft speed with s.f.c. of 0.71.) 


“TS3-L-1. Free-turbine, chat-érive engine. Compressor with five axial 


one centrifugal stage, 
ally independent turbine stages. 
“fixed-wing” reduction gear, 64.5in; 
pressure ratio, 5:1; maximum rati 
(output, 1,575 r.p.m.) with s.f.c. of O72. 
and provides 825 s.h.p. at 6,000 r.p.m. outputs 


which power can be held constant at varying r.p.m. and vice versa. md 
are to be cleared for use on any normal aviation fuel, and 
automotive and marine versions are also being developed. 

TS3. Now under intensive development against a joint py 
Army contract, the T53 is likely to be very widely a ed both 
aviation and industrial fields. A singularly ny ible and well- 
engineered unit, it is designed to have long life and to be relatively 
simple to maintain. 

Particular points of interest are the axial-centrifugal compressor, 
the unusual design of combustion chamber and the manner in which 
shaft-power may be extracted from either end. For helicopter applica- 
tions the reduction box has a ratio of 3.22:1, giving an_ output speed 
of up to 6,000 r.p.m. and an engine weight of 460 Ib. The fixed-wing 
turboprop unit (illustrated) has an additional gearbox and drive 1 
a 10ft 6in airscrew. 

Considerable bench-time has already been run and a Kaman HOK 
from later HOK pments the T53 will power the 
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Marquardt MA-20C ( des: ). Supersonic ramjet. Straight-sided 
pn spike of 50-deg included angle, double-wall diffuser, ram-air turbo-pump 
governed by “ “packaged” fuel-control unit sliding into centre-body on rails, two 
concentric fuel holder comprising vee-gutter ring and eight radial 
struts and con-di nozzle. Diameter, 2Bin; length, about 200in; dry weight, about 
497 ib; thrust of the order of 10,000 ib at Mach 2.5 to 3 (officially referred to as 
“equivalent to 50,000 h.p.""). This type of ramjet is shown in production below. 


XH-40, er with the civil Bell 204, the Doman H-31 development 
and, possibly, the Frye F-1 Safari fixed-wing transport. 

TSS. Also the subject of a joint U.S.A.F./Army contract, the T55 
is virtually a scaled-up T53, with more-advanced design pass in - 
oe the mass flow and top temperatures have been 

ut has thus started life at around 1,550-1,650 Teng ond oe —— Me 
Ts s will be in the 1,800-2,000 h.p. range. 

Piston Engines. Since 1954 two new units have into produc- 
tion. The first is the 160 h.p. O-340 flat-four; the other is a new flat- 
six designated VO-435, of 60 h.p., a vertical-crankshaft, direct-drive 
helicopter engine based on an established fixed-wing unit. The com- 
pany recently received a £570,000 contract for the latter unit, derated 
to 220 h.p., for the new Bell HUL-1 Navy helicopter. For the Aero 
Commander 680 Super the GSO-480-A1A is being delivered in T=, 


this being a superc and flat-six providing 340 h.p. 
with a maximum continuous rating only 20 h.p. less. A less-powerful 
version of the same engine, delivering 295 h.p., is used in the latest 


Twin Bonanza, driving a three-blade, feathering 
ing are continuing pete of the Wright R-1300 and 


coming 
1820 Cyclone single-row, radial The a seven- 
800 h.p., is 


in the new 


nine-cylinder Cyclone, and the models at present in prod 
rated at 1,425 to 1,525 h.p. The engine is used in Vertol H-21 twin- 
rotor helicopters, North American T-28C trainers, Grumman S2F anti- 
submarine aircraft, Sikorsky S-58s and (C9HD commercial engines) 
recent Learstars. All responsibility for the development and produc- 
tion of these engines in the U.S.A. is now vested in Lycoming. 


Street, Van Nuys, Cal. E. Marquardt 
that his company, founded in Cone hog ‘oun a capital of £357, 
is now selling at the rate of over £7m per year. More any other 
company, Marquardt have specialized in ramjets, but they are also 
heavily ed in the development and production of turbojet after- 
burners, variable-area —, reverse-thrust units, ram-air turbines 
and emergency powerpacks of all kinds for supporting accessories, 

ps and control systems. 

In November 1954 substantial interest in Marquardt was acquired y 
Olin Mathieson (g.v.) through an arrangement with Laurence 
Rockefeller and Associates, a principal Marquardt stockholder. 
Marquardt, Olin Mathieson and Reaction Motors are all affiliated in 
the general development of ramjets and rockets. It was reported that 
last year Marquardt were ed by United Aircraft with a view 
to amalgamation, but no formal negotiation is thought to have taken 
place along these lines. 

In conformity with U.S.A.F. proposals for dispersing defence indus- 
tries, it is probable that a new ramjet-production plant will be estab- 
lished in the neighbourhood of Salt Lake City. Substantial contracts 
are expected for production studies, tool design and tool manufacture 
for pilot production of supersonic ramjets, of which several models are 
about to go into uanuty —. ‘Marquardt have also conducted 
research into solid prop ram) 

Subsonic Ramijets. In the pol 1940s some 600 C-28-85F 20in- 
diameter ramjets were delivered for Navy drones, and one of these 


Marquardt: assembly-line of 28in supersonic ramjets for the U.S.AF. 
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ARTOUSTE M5 & 
Shaft Drive 475 H.P. 


TURBINE 


DEVELOPMENTS 


TURMO 335 & 
Free Turbine 450 H.P. 


PALOUSTE Air Bleed 
2°725 Ib./sec. at 41°55 Ib./sq. in. 


TWIN TURMO 
900 H.P. 


Blackburn and General Aircraft Limited. 
ENGINE DIVISION 


43, BERKELEY SQUARE, LONDON, W.! 
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ANTI-SKID 


CONTROI 


for all braking 
systems 


The outstanding advantages of the Maxaret 
Anti-skid unit can now be introduced into all 
types of braking systems. A new cocking unit 
permits the application 

of the brakes before ‘touch-down’. 
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The Maxaret unit, simple, small and compact, completely eliminates skidding, 

ensures safer braking and prevents excessive tyre wear due to scrubbing. It is a standard 
unit making no extra demands on aircraft services. It is 

suitable for hydraulic and pneumatic systems using disc type brakes. __ 

The unit consists of a flywheel housed in a rubber-tyred shell rotated by 

contact with the inner rim of the main wheel. 

Excessive deceleration of the wheels displaces the flywheel in relation to the drum, causing 
the operation of two valves which exhaust the brake 

pressuft and cut off the supply until wheel speed is regained. 

Brakes are also held “off” if a bounce occurs during landing. 

Maxarets are available for hydraulic systems from 750-2000 p.s.i. and 


pneumatic systems of 1000 p.s.i. 


This cocking valve employed as shown in 
and the cocking valve shown right. All operations are the diagrammatic system allows a pilot to put 
automatic being controlled by the undercarriage selector. When his brake control to ‘full on’ before touch 
“Undercarriage Up” line is pressurised down. The brakes will function at the 
the brakes are applied until retraction is complete. Brake earliest possible moment without 
pressure is then released and the Maxarets are the ill effects usually caused by premature 
cocked ready for use on landing. or accidental application. 


DUNLOP RUBBER COMPANY LIMITED (Aviation Division) 
Foleshill, Coventry Tel: Coventry 88733 
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DAVID BROWN 
Aircraft Tractors 


A David Brown VIG/IC 
with a Bristol Britannia in tow. 


. the choice of the experts 


Ministry of Supply - Royal Aircraft Establishment - British Overseas Airways Corporation - Trans-World Airlines - Malayan Airways - Burma Alrways 
British West Indian Airways - Aereo Portuguesa - K.L.M. Royal Dutch Airlines - Qantas Airlines - Blackburn and General Aircraft Co - Bristol Aircraft 
Corporation - De Havilland Aircraft Corporation - Vickers Supermarine - Westland Aircraft - A. V. Roe - Folland Aircraft - Airwork - Silver City Airlines 
Fleet Air Arm - Royal Air Force - Royal Australian Air Force - Royal Canadian Naval Air Service - Royal Canadian Air Force - Royal New Zealand Air Force 


Royal Pakistan Air Force - Royal Danish Air Force 
DAVID BROWN - 


EUROPE’S LARGEST MANUFACTURERS OF AIRCRAFT TRACTORS 


DAVID BROWN TRACTORS (ENGINEERING) LTD. - INDUSTRIAL TRACTOR DIVISION - HANWORTH PARK * FELTHAM - MIDDLESEX 


SINGLE PHASE AND POLYPHASE 
WATTHOUR METERS 


SYNCHRONOUS TIME SWITCHES 


SYNCHRONOUS MOTORS 
AND MOTOR UNITS 


PANEL & SWITCHBOARD INSTRUMENTS 


AIRCRAFT 


The Model S.122 Form 4 is a high pressure transmitter having ranges 


of from 0-400 p.s.i. up to 0-6000 p.s.i. The transmitter is contained in a 
die-cast aluminium case and consists basically of a special form of Bourdon 
tube which, when under pressure, moves laterally, causing a change in the 
position of a contact arm wiping across a resistor. 

The resultant variations are led away from the transmitter through a three-pin 
plug, and are fed to a ratiometer indicator operating from the nominal 24 volt 
supply. The instrument is substantially independent of variations in supply 
voltage. The working life of this transmitter is unaffected by large and 
high freq y ' in the pressure supply. 

Other forms available for pressures of 40 to 120 p.s.i. 


SANGAMO WESTON LIMITED 


D.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple, 
A.C./D.C. Moving iron 
PORTABLE INSTRUMENTS 
0.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple, 
A.C./D.C. Moving tron, A.C./D.C. Dynamometer 
LABORATORY STANDARD INSTRUMENTS 
D.C. Moving Coil, A.C./0.C. Dynemometer 


CURRENT TRANSFORMERS FREQUENCY 
METERS . ALL-PURPOSE TEST SETS 
AIRCRAFT INSTRUMENTS RATIOMETERS 
TACHOMETERS WESTON STANDARD 
CELLS 2 ELECTRICAL THERMOMETERS 
“PHOTRONIC” PHOTO ELECTRIC CELLS 
PHOTOMETERS AND PHOTOGRAPHIC 
EXPOSURE METERS 


Branches 


Glasgow. Cenvrat 6208 Manches 


Newcastle upon Tyne. 
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Pratt and Whitney J57-P/F-13. Fighter turbojet with short afterburner. Nine- 
stage low-pressure compressor driven by two-stage low-pressure turbine, seven- 
stage high-pressure compressor driven by single-stage high-pressure turbine, 
cannular combustion system containing eight i divide annular flame tubes each 
carrying six fuel injectors, short (1, 808 deg K) afterburner with 24 injectors and 
eight pneumatically actuated propelling-nozzle restrictors. Height, 45.6in; 
width, 40.7in; length, 232in; dry weight, 5,170-5,525 Ib according to materials 

oneiyee ; mass flow, 172 Ib/sec; ressure ratio, 12.5:1; maximum thrust, 10,500- 
10,900 Ib (12,500 Ib wet) at 8, low-pressure r.p.m. with s.f.c. of 0.80 (with 
afterburning, 14,500 Ib with s.f.c. of 1.95). Other models give up to 17,200 Ib thrust. 


flew for 15 minutes in 1951, believed to be an unbeaten endurance for 
| type of = 

promis orm helicopter tip-drive booster ramjet has been 
eovged rb the past four years under Wright Air Development 
Center contract. It is a two-dimensional unit, one form having a 
sliding shutter over the leading-edge intake and a propelling nozzle 
consisting of a spanwise slit between flexible upper and lower skins 
which form extensions to the blade surface. Within the duct are nozzles 
fed with fuel from the main tankage, together with an ignition plug and 
a flame-holder comprising a toothed channel. One model extends 
15in along the span, with 16.Sin chord and 2.5in maximum depth; 
this size provides 401 Ib thrust, and three (for a three-blade rotor) 
more than double the payload of a 6,400-Ib helicopter. 

Supersonic Ramijets. A basic unit designed for the surprisingly low 
Mach number of 2.5 is now in a production state, with a sophisticated 
double-shock intake, a fuel system capable of operating over an extreme 
range of altitudes, and a ly efficient flame-holding assembly. 
Engines of this general pattern are in production for various missiles, 
the most important contract being that for the twin-engined Boeing 
IM-99 Bomarc long-range intercepter missile. Powerplants for this 
application are designated RJ43, and Marquardt recently received a 
£1,875,000 contract to cover preliminary flight-rating tests of this 
ramjet. Last month the USAF. also placed a contract for the pro- 
the Ria - a 36in-diameter supersonic ramjet which may, in fact, be 

e RJ4 

_ The photograph is the first to illustrate a supersonic-ramjet production 

.. The engines are for the U.S. Air Force and are of the type shown in 
the drawing. New alloys used in these units include HK31 (magnesium- 
thorium-zirconium), A-110AT (titanium alloy) and 6A1-4V (heat-treated 
titanium alloy). The combustion chamber is lined with a heavy coating 
of aluminium oxide. 

An unusual form of ramjet has been evolved for installation on the 
wing-tips of manned fighters; at the start of each mission these ramjets 
can be covered by nose and tail fairings and employed as additional 
fuel tanks. Mechanical details of Marquardt supersonic engines are 
withheld, although the company claim that they have “established 
records in speed, altitude, distance and endurance for air-breathing 


engines.” 


Pratt and Whitney: propelling nozzle of J57 afterburner. 


OO 


McCULLOCH. McCulloch Motors Gorm, 6101 West Century 
Blod., Los Angeles 45, Cal. The speciality of this West Coast firm 
is the production of simple, TIT ht, two-stroke piston engines 
ng me on a 10: 1 mixture of 115/145-grade fuel and lubricating oil. 
large numbers of such engines, mainly flat-fours, have been de- 

livered for use in target drones of the U.S.A.F. and Navy. The most 
recent powerplant is described below 

O-150-4 (6318). Developed ender the sponsorshi hip of the U.S. Navy, 
this unit has six horizontally opposed cylinders ; ¢ its predecessors 
there are no valves, mixture being admitted at “medium pressure” to 
the crankcase. A new feature, however, is an exhaust-driven turbo- 
supercharger, which has an ——_ waste-gate control. No pro- 
vision is made for throttling, the maximum (i.e. standard) rating being 
120 h.p. at sea level at 4,100 r.p.m. with an s.f.c. of 0.85, the power 
reducing to 103 h.p. at 15,000ft and 86 h.p. at 30,000ft. The specified 
weight of the complete engine-change unit is under 153 Ib. Provision 
is made for repeated recovery from the sea. The new engine is being 
developed for a Beech target, and flight tests are expected to begin 
in September. 


McDONNELL. McDonnell Aircraft Corpn., Missile Engineering 
and Helicopter Divisions, Lambert-St. Louis Municipal Airport, St. 
Louis 3, Mo. This aircraft company is active in the ¢ ys 4 


Talos, a supersonic ground-to-air missile. Since 1944 the company has 


only) afterburners. 


NORTH AMERICAN. North American Aviation, Inc., Rocketdyne 
Division, Canoga Park, Cal. This famous aircraft company is now 
heavily engaged upon the development and production of rocket motors 
with a potential horsepower as great as that of any man-made engine. 
The first firing of a motor of N.A.A. design of greater thrust than that 
of the German V-2 took place in 1949. Production contracts are now 
held involving the development of multiple liquid-propellant motors 
(totalling over 1,000,000 Ib thrust) for the first stage of the Atlas I.C.B.M. 
Very large motors are also in production for the Chrysler Redstone 
missile and for launching of the company’s own SM-64 Navaho. Last 
October the company was chosen to build the X-15 yy 
— research aircraft intended to explore altitudes up to 

is is a continuation of a U.S.A.F.-Navy-N.A.C.A. programme and 
the aircraft may fly next year. N.A.A. designs of rocket motor may also 
be manufactured in Britain as a result of a recent licence-agreement with 
Rolls-Royce. 

For many years the company have operated an enormous rocket- 
testing establishment in the Santa Susana mountains close to the San 
Fernando Valley. The director of aerophysics at this establishment 
stated in April 1954 that N.A.A. led the nation in large-rocket tech- 

and was “rapidly achieving the same position in the field of 
rockets.” At the beginning of 1955 the U.S.A.F. started to finance 
the new rocket-propulsion centre to be operated by N.A.A. in the 
San Fernando Valley itself, ar oe eon A ten miles from Santa Susana. 
When complete, the new installation will provide a working space of 
322,000 ft. A further £600,000 rocket-calibration and test building 
was brow t into use last year. 
American are also conducting n 
Downey to a 
new ad hoc establishment at Canoga Park (San Fernando Valley), where 
the Rocketdyne Division have their H.Q. The first sodium-graphite 
reactor financed join ~ hy N.A.A. and the A.E.C. is at Santa Susana and 
is delivering 20,000 k Also in 0} tion are two solution-type 
one at Downey and the other at the Livermore research laboratory. 


PRATT AND WHITNEY. Pratt and Whitney Aircraft, Division 
of United Aircraft Corpn., 400 Main Street, East Hartford, Conn. 

ing the past two ra S the world’s largest a ine company 
have delivered more than 3,000 advanced turbojets of their own design, 
nearly all being J57s. Al ee production has shrunk 
rapidly since 1954 the R-2800 will remain in production for at least 
two more years. 

Meanwhile the company is on a very broad 
front in solid, conservative oe Very —y and efficient turbojets 
are coming into production; ee ally large and efficient turboprops 
are advanced in development an soon fly; ramjet work is impres- 
sive, although subject to strict security; and the company is a leader 
in aircraft nuclear propulsion. 

j42. Out of production since 1953, this Nene-derived engine has 
the longest allowed overhaul time of any Navy turbojet. For two years 
the figure has been 1,000 hr. Rated thrust, however, is now up to 


5,750 Ib. 

J48. Originally based on the Rolls-Royce Tay, this Navy centrifugal 
turbojet has been steadily developed at Hartford and several thousand 
have been delivered to the U.S.A.F. as well as to its sponsors. During 
1954 the performance was markedly improved (from 6,250 Ib r~ 
to 7,250 Ib, or 8,500 Ib with water injection) by —s the mass flow 
permitt a change to tt itney’s aspaloy”—a cast, 
vacuum-melted blade alloy—in the turbine rotor. In October 1954 
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(when production had almost ceased) the Navy placed a large repeat 
order and shipments against this contract are still being made, largely 
for late-model Cougars. 

JS2. As far as can be ascertained the J52 is the only new engine 
being developed at Hartford entirely under Navy sponsorship, funds 
being transferred from the defunct T52 turboprop. In many ways it 
can be considered as a J57 scaled down to a mass flow of some 115 
Ib/sec, with a very similar arrangement of compressor spools, combus- 
tion chamber and turbine. The design rating is approximately 7,500 Ib 
and this has been reached during bench running, although development 
appears protracted and there is no indication of impending flight trials. 
Douglas have shown interest in the J52 as a possible powerplant for 
civil transports. 

JS7. Now in its third year of production, this is the most im t 
reccne-coneeee engine in America. It was the first gas abies at 

tt and Whitney design to go into production, and the company 
were able to plan on a long-term basis and choose exceedingly advanced 
design points. The pressure ratio of 12.5:1 is perhaps the most 
startling choice, and it was obtained by adopting compounded axial 
compressors. 

The first prototype was delivered for bench testing in June 1949 
(the first American split-compressor engine to run). Good efficiencies 
were realized from the outset and the t series went into production 
in February 1953. Pratt and Whitney delivered their thousandth 57 
in March last year and had shipped more than 2,500 by the beginning 
of this year. Since November 1954 further very substantial shipments 
have been made by the Ford Motor Company (q.v.). 

Of the Air Force engines the main sub-types are the -7 (F-100), 
-11 (F-102), -13 (short afterburner for F-101), -19 (titanium Il-p com- 
pressor for B-52), -21 (titanium I-p compressor for F-100), -23 (F-102A), 
-25 (XF-105A), -29 (stainless-steel compressors for B-52D), -31 
(titanium I-p compressor for KC-135A), -35 (17,200-Ib engine for 
F-102A), and -39 (F-100D with blown flaps). Several of these engines 
have corresponding variants for the Navy. 

Originally the 57 was all-steel, weighing some 4,200 Ib, but the 
change to a titanium low-pressure compressor brings the weight below 
4,000 Ib and some current units are being delivered at the latter weight 
with full equipment. In service the engine has proved reliable and 
tractable, and investigations at a simulated altitude of 70,000ft have 
been run in the company’s Willgoos Laboratory. 

At present some 75 to 100 engineering changes are being brought 
in each week and the Navy recently initiated a £4.3m research pro- 
gramme for the introduction of new materials, including high-tempera- 
ture plastics. Several types of afterburner have been developed, these 


components being ~~~ | the high proportion of the engine subcon- 


tracted to such firms as Ryan and Solar. Expendable J57s have also 
been developed, one type being used in late-model SM-62 Snarks. 
The price of these units is less than £50,000, whereas the first batches 
of long-life engines cost some £89,000. 

Civil 57s are designated JT3. The chief civil unit at present is the 
TT3C-4, rated at up to 13,000 Ib (wet) and with a maximum continuous 
rating of 11,500 Ib. Even at these figures the Boeing and Douglas 
transports scheduled for this engine will be thrust-limited and will need 
two minutes of water on all full-load take-offs over 50 deg F. Delivery 
is scheduled for 1957 and a 750-hr overhaul life is expected for the 
following year. Provision is made for air bleeds at 750 Ib/sq in and 
250 deg F, and great efforts are being made in perfecting thrust rev 
and noise suppression. There is also an “advanced J57,” designated 
JT3C-5S, which will give ten-per-cent more thrust yet will be better 
than 200 Ib lighter. The C-5 should be delivered before 1959, by 
which time the 57 family will have logged over 8m hours. As we go 
to press a figure of £207,500 (£362,000 with spares) is unofficially 
quoted for a set of four JT3C-4s. 

175. Pratt and Whitney are conservative in that their philosophy 
tells them to stick to what they know to be good, and to pull out every 
scrap of development inherent in a sound design. This mighty turbojet 
is, therefore, the J57 scaled up, with the same layout of compressor 
spools, combustion chamber and turbine, and designed to similar, or 
more advanced, points. 

Backed up by thousands of hours of component and bench testing 
the engine was first ordered in the autumn of 1954. A YJ75 flew from 
Rentschler Airport, Hartford, early last April, slung under a B-45, and 
flight in operational aircraft is now due. Pre-production engines are 
beginning to flow from Hartford, with ratings similar to those quoted 
in the data. Most of the running so far completed has been at rather 
lower thrusts. The specific consumption reflects outstanding com- 
ponent efficiency; and, although the weight is high (5,900 Ib or 7,100 Ib 
with afterburner) it seems possible that it may be reduced by detail 
changes and the introduction of new materials. 

Military production will start this year and 75s should be in Air 
Force service in a year’s time, in such types as the F-102B, F-105 and 
F-107. Prototype installations may also be made in the YB-58A and 
CF-105—all supersonic aircraft. Other aircraft named as recipients 
include Lockheed’s new tanker, and developments of the Navy P6M, 
F8U and FSD. Ford are being brought in as a second source (q.v.). 

Civil 75s are designated JT4, the chief sub-type being the JT4A-3. 
This engine, which is expected to have a wet rating of between 17,700 
and 18,000 Ib, is scheduled for first delivery in 1959 at a price of £76,000 
(an estimate for four JT4As, with spares, is £539,000). Pratt and 
Whitney, Rohr, Boeing and Douglas are all co-operating in developing 
standard, fully equipped nacelles for this engine. In service, the JT4 
will be derated so that water-injection can counteract loss in thrust at 
ambient temperatures of up to 100 deg F. 

T34. The company’s ten-year effort on this powerful single-shaft 
engine has now been rewarded by limited production. The engine 


Pratt and Whitney T34-P-3. Single-shaft turboprop. Thirteen-stage compressor, 

| bustion chamber with eight flame tubes and three-stage turbine. 
intake diameter, 34in; length as shown, 157.4in; dry weight, 2,670 ib; mass flow, 
67 Ib/sec; pressure ratio, 6.7:1; maximum rating, 6,000 e.h.p. (5,500 s.h.p.+ 1,230 Ib) 
at 11,000 r.p.m. with s.f.c. of 0.656; cruising at 25,000ft at 350 kr, 2, ship. + 
190 Ib at 80 per cent r.p.m. (10,500) with fuel of 1,510 lb/hr. Application: C-133A. 


illustrated powers the C-133A military transport, the prototype of 
which flew recently. Beach) has evolved a a | good 
power installation for this aircraft, with the oil cooler on top. Evalua- 
tion flying continues with two YC-97Js, two YC-124Bs and two 
YC-121Fs (all Air Force) and two R7V-2s (Navy), all of which have 
1T34-P-6s driving various makes of airscrew. 

In spite of the competitive weight, the compressor is all-steel, and 
it has bleed valves which open at r.p.m. below 8,000. Other features 
include hot-air anti-icing, high-en ignition and a hydraulic brake 
and torquemeter embodied in the stator annulus gear. Idling r.p.m., 
originally high at 76 per cent of the maximum, have now been pushed 
down to a less-noisy 56 per cent. 

TS7. The most powerful shaft-driving engine yet evolved for aircraft 
propulsion, the T57 draws upon the aerodynamic experience of the J57 
turbojet. Throughout, the two engines are basically similar, althou; 
the low-pressure turbine has three stages to enable it to drive both the 
low-pressure compressor and the very efficient reduction ‘ which 
takes the drive to a single-rotation airscrew—an advanced HamStan 
unit with four blades each of some 30in chord. 

The annular intake surrounds the reduction gear and is itself sur- 
rounded by an annular fuel/oil heat exchanger and oil tank. In 
appearance the engine is reminiscent of a larger B.E.25. Extensive 
bench trials are proceeding against an Air Force contract and flight 
development will very shortly begin with an XT57 in the nose of a 
C-124. Component efficiencies are excellent and specifics outstanding; 
with cooled blades a rating of 20,000 h.p. should be possible by 1960. 
The TS7 will power the four-engined Douglas C-132 logistic transport, 
due to fly in about 1959. 

R-2800. This (the Double Wasp) is now the only piston 
remaining in production at Hartford. Although many are going into 
CV-440s, DC-6Bs and the like, the chief application is in the HR2S and 
H-37 helicopters (Sikorsky S-56). These use direct-drive R-2800-50s, 
handed port and starboard with the accessories facing outboard. In 
September 1953 2,237 (fixed-wing) R-2800s were cancelled, the price 
then being £16,100 per unit. Nash-Kelvinator (Kenosha, Wis) made 
17,000 R-2800s in World War 2 and delivered another 1,176 between 
August 1953 and July 1954. Air Force overhaul time on most Double 
Wasps varies from 600 to 1,100 hr. 

R-4360. Named Wasp Major, this remarkable engine is the most 

werful piston engine to have seen service in any country. Pratt and 

itney n to taper off production last year, and Ford (Chicago) 
delivered the last of 3,079 in the autumn of 1954. Present deliveries, 
which are mainly for KC-97 tankers, are quoted at about £27,800 
apiece. In the civil field, General Electric helped to improve the 
performance of Pan American’s Boeing 377s during 1954-55 by fitting 
a new design of turbo-supercharger. 

Ramijets. The first testing laboratory went “on steam” (literally, 
since water cooling is employed) at Rentschler Airport, Hartford, in 
1952. Since that year there has been a big expansion in this work 
but no details have been made public. 

Atomic Power. Starting in 1951, the development of power reactors 
for aircraft propulsion is proceeding on schedule. The first work was 
done at S. Windsor, Conn., but in April 1955 a more extensive pro- 
gramme was announced involving relocation of the project. In con- 
junction with the U.S.A.F. and the Army Corps of Engineers, Pratt 
and Whitney are developing a 1,200-acre site which stretches for 
2} miles along the Connecticut River near Middletown. Known as 
the Connecticut Aircraft Nuclear Engine Laboratory the new facility 
will employ some 3,000 in the manufacture, development and testing 
of components and experimental powerplants—and, ultimately, pro- 
duction engines. Initially £2,050,000 was voted for the site, design 
and building, but the equipped cost to the Air Force is put at £3.57m. 


R.M.L. Reaction Motors, Inc., Denville, N.¥. This company de- 
signed and developed the original 6000C4 four-barrel rocket motor for 
the Bell XS-1, which, in 1947, became the first piloted aircraft to 
traverse the transonic region. Complete responsibility for the power 
of the later Bell X-1A, B and D was also vested in R.M.I. and sub- 
stantial improvements to the original 6000-series motor were effected 
as late as 1954, under contract to the U.S. Navy Bureau of Aeronautics. 
Reaction Motors are the longest-established rocket firm in America. 
Last summer they became a partner in the OMAR group of co-operative 
research into the chemistry, thermodynamics and engineering of super- 
sonic propulsion, the other companies being Marquardt (q.v.) and Olin 
thieson Chemical Corpn., the latter being RMLs parent firm. 
The first establishment was at Rockaway, N.J. Later a test facility 
was set up at Lake , in the same state, and last October the 
company’s new headquarters was opened jointly by R.M.I. and the 
U.S. Navy (under whose auspices it was built) at Denville, seven miles 
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from Lake Denmark. The new site cost £1.45m and is equipped with 
extensive test stands, and i i ildi i 


research engineering buildings 
200,000 sq ft and a production factory. Rockaway is being retained for 
“special operations. 

One of the first high-thrust allocated to R.M.I. was 
the propulsion of the Martin Viking ing vehicles, which were 
equipped with single-chamber motors of 20,000 Ib thrust. Last autumn 
the oom motor which had been fired was rated at 120,000 Ib thrust, 
and about 75 runs had then been made on 50,000 Ib-thrust motors. 
Test facilities at Denville can handle 1,000,000-Ib units. Most of the 
company’s motors have run on alcohol or ammonia, with liquid oxygen 
as the oxidant. 

An unusual syetienion studied by R.M.I. is the R.O.R. (rocket-on- 
rotor) system of r", helicopter performance and payload by mount- 
ing a propellant tank (of high-test peroxide) above the rotor hub to feed 
small motors, each weighing 1 Ib and giving 32 Ib thrust, on the rotor 
tips. The whole system for an S-55 helicopter weighs under 70 Ib, 
and it has the effect of increasing the rotor power by some 120 h.p. 
R.M.L. are also delivering tiny 16 Ib-thrust mide tip-rockets for the 
Rotor-craft RH-1 and the Kellett KH-15 light helicopters. In both 
aircraft the H.T.P. is fed from twin tanks on the hull. 

The company are also working on “liquid-propellant guns,” jet- 
drilling devices, catapults and launchers, boundary-layer control, seat 
and capsule ejection and the manufacture of chemicals as by-products 
of test firings. Employment exceeds 600 and government contracts last 
year totalled over £3m. 


RYAN. Ryan Aeronautical Co., 2701 Harbor Drive, San Diego 12, 
Cal. One of the largest sub-contractors of engine components in the 
world, Ryan also make complete powerplants, including some of their 
own design. They are the manufacturers of the Hiller ramjet (q¢.v.) 
and are also sub-contracting components of ramjets to other manufac- 
turers. Very-large-scale production of rocket motors has been under- 
taken during the past four years, one of the largest contracts being for 
the Firestone Corporal missile (U.S. Army), the motor of which runs 
on nitric acid and aniline. 

Enormous contracts are held for high-temperature components for 
such engines as the J44, J47, J57 and J65. One of the company’s recent 
developments is to ¢-spray a cermet coating on metal sheet which, 
with a coating of ni-magnesia, can withstand 3,500 deg F for a limited 
period. Ceramic coating is a production job on large gas-turbine 
assemblies (such as the J47 afterburner) and Ryan weld through the 
ceramic coating. 

A completely independent development is that of the company’s 

Model 69 (U.S.A.F. XF-109) v.t.o, fighter. A new £63,000 test cell has 
been built in which the Rolls Royce Avon RA.28-49 for this aircraft 
can be tested at any angle. Flight testing of this aircraft is now proceed- 
ing at Edwards A.F.B., the control system being suitable for flight at 
zero air-speed. 
SOLAR. Solar Aircraft Company, 2200 Pacific Highway, San Diego, 
Cal. The company’s two principal production engines are described 
below. Neither has yet been employed for the propulsion of aircraft, 
but both have potential application in this field and are, in any case, in 
large-scale production for aeronautical use. 

Solar do a very large business in gas-turbine sub-contracting. Typical 
orders are those placed in April 1954 comprising parts for —_ 
(£900,000) and for Ford-built J57s (£2.36m). The majority of these 
components comprise temperature-resistant sheet assemblies, fre- 
quently protected by patented coatings. The company is also a pioneer 
in the field of afterburner development and shipments of complete 
afterburners alréady amount to more than £15m. Last August an 
agreement was signed with Bristol, under the terms of which Solar will 
provide technical information on the design and production of after- 
burners; they also undertake to design and build several prototype 
afterburners for Bristol, assist Bristol’s afterburner development pro- 
grammes, deliver additional afterburner controls and components as 
required and license the British-company to manufacture items which 
are the subject of Solar patents. Bristol also now have the right of 
sub-licence in the United Kingdom and Europe subject to Solar 
approval. The patented Microjet control, which automically monitors 
the conditions obtaining throughout the engine, is reported to govern 
the operation of the afterburners now being developed for Bristol 
turbojets. 

Jupiter. Weighing only 750 lb, complete with reduction gearbox 
and control system, the Jupiter is a slim and highly developed, shaft- 
drive engine, rated at 500 h.p., with a ten-stage compressor, a single 
tubular combustion chamber and a three-stage turbine. It is being 
delivered in constant-speed and variable-s models and a third vari- 
ant has been developed in which up to 30 per cent of bleed air can be 
extracted for starting large turbojets. 

Mars. Many hundreds of these light and compact auxili turbines 
have now been delivered, the majority to the U.S. Air Force for 
employment in ground power units and in airborne generating systems. 
A typical application is in the Convair C-131B avionic-testing aircraft, 
which carries two Mars externally in glass-reinforced-plastic pods. 
The basic engine is rated at 50 h.p. and a radial-flow compressor 
and turbine. The present U.S.A.F. overhaul period is 750 hr. 


Ryan: production of acid-aniline rocket motors for Corporal missiles. 


VARD. Vard, Inc., 2981 E. Colorado Street, Pasadena 8, Cal. Late 
last year this accessory firm announced the development of an uncon- 
ventional and simple piston engine for helicopters, drones, “flying plat- 
forms” and similar applications. It is a sleeve-valve, two-stroke, five- 
cylinder radial producing up to 64 h.p. at 6,000 r.p.m.; inlet and exhaust 
ports are identical so that, by switching the sleeve drives, left- or 
right-hand rotation can be provided. 

WESTINGHOUSE. Westinghouse Electric Corpn., Aviation Gas 
Turbine Division, P.O. Box 288, Kansas City, Mo. Pioneers of the 
axial turbojet in America, the A.G.T. Division of Westinghouse struck 
lucky during their early designs (the J30 and J34) which were pro- 
duced in numbers for the Navy and, later, the Air Force. Paradoxically, 
this has proved tragic since it denied the company the real experience 
necessary for advanced engines. Furthermore, the operations of the 
division were scattered: at South Philadelphia were the inadequate de- 
velopment facilities; test flying was undertaken from Dallas, Texas; 
and production was concentrated in the ey poy ee Id south 
of Kansas City, which was built in World War 2 as Pratt and Whitney's 
Missouri division. 

Having burned their rs with the J40 and J46, the company are 
putting their house in order in no uncertain manner. Everything is 
being centred at Kansas City where a £3.2m research and development 
laboratory and a £1.3m experimental machine shop are almost complete. 
The lease on the plant has several years to run and Westinghouse 
have a two-shift system for 5,000 employees occupying 2.2m of the 
3m sq ft available. Flight-test facilities are now only 20 miles away 


Reaction Motors 6000C4. Four-barrel rocket motor. Bi-propellant rocket motor 
for piloted aircraft, ethy! alcohol and liquid oxygen being fed under inert-gas 
pressure to four regeneratively-cooled chambers each equipped with automatic 
control and safety valves. Overall diameter, 19.9in; length of powerplant group, 
S6in; dry weight, 215-222 Ib; maximum thrust of all four barrels, 6,000 Ib {rising 
to about 6, ib at 40,000ft). Later variants of this unit are more powerful. 


Westinghouse J46-WE-8. Turbojet with afterburner. Eleven-stage compressor, 

lar combustion chamber with twelve burners, two-stage turbine and after- 
burner with twin eyelids. Diameter (basic), 32in; length, 182in; dry weight, 
2,090 ib; mass flow, about 78 Ib/sec; pressure ratio, about 6:1; maximum thrust, 
6,000 Ib, with reheat, at 12,500 r.p.m. with s.f.c. of 2.1 (basic rating, 4,600 Ib dry 
with s.f.c. of 0.96). This engine powers the F7U-3 Cutlass naval missile-carrier. 
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Wright 465-W-4. Single-shaft turbojet with afterburner. Thirteen-stage 
with 36 vaporizing burners and ——- 


pressor, 
turbine. Diameter, 37.9in; length, 195in; dry weight, 2,780 ib; mass flow, 1 
ib/sec; pressure ratio, 7:1; maximum thrust, 11,200 R with reheat, at 8,200 r.p.m., 
with s.f.c. of 1.97, The basic engine has a dry rating of 7,800 Ib thrust with s.f.c. of 0.91. 
AERO ENGINES 1956... 

at N.A.S. Olathe. Production orders almost ran out last year; this 


Ge of & and © naw Wi 
the U.A.W. has now been reached. 

Development of the J40 and 46 has virtually ceased, but in 7 
an eight-year agreement with Rolls-Royce was ” signed, roviding for 

co-operation in research and development and giving Westinghouse 
American sales and manufacturing rights to R-R. engines not imported in 
airframes. Production of the Dart was contemplated, but (at £30,000 
ex-Westinghouse) was considered too expensive. The Tyne, however, 
is being seriously considered for licence production. Westi also 
handle the modification to U.S. requirements of the Rolls-Royce Soar 
turbojet imported by Radioplane, Inc. for target applications. In reverse 
Nie ot th Rolls-Royce Canada, Ltd., will overhaul the Westinghouse 

4s of the Royal Canadian Navy. 

j40. Failure of this large turbojet hit the Navy hard, and brought 
about serious redesign-delays with several important aircraft. Even- 
tually the J40-WE-22 ran reasonably well but the 7,200 Ib dry rating 
was inadequate for such aircraft as the McDonnell F3H Demon. The 
more powerful WE-24 was cancelled in September 1953. A B-45 test- 
bed was still flying from Dallas in December 1954 to increase the re- 
light altitude limits of the engine. The whole programme cost £79m. 

J46._ This axial turbojet is the only original Westinghouse design 
remaining in production. In many ways it can be regarded as a scaled- 
up J34 (the most widely used used Westinghouse turbojet) with a higher 
pressure ratio and better s.f.c. Its most important application is the 
propulsion of the twin-engined Chance Vought Cutlass, a Navy missile- 
carrying all-weather fighter/bomber, which two WE-8s, illustrated. 
A later engine, the 6,100 lb-thrust WE-18, would have powered the 
A2U Cutlass development, but these 96 aircraft were — at a 
saving of £27m, in 1954. Marine experience is being gained with pairs 
of J46 engines in the Convair F2Y hydroski programme. These units, 
]46-WE-12s, are equipped with a fresh-water spray which is used to 
flush the engines before take-off to remove salt deposited while taxying. 

JS4. Many good features characterize this light and slim axial turbo- 
jet, which is probably the best American engine in its power class. It 
was originally a private venture designed in close co-operation with 
Rolls-Royce with the company designation PD-33. It was aimed at 
the U.S.A.F. and Navy, and the latter is now the major sponsor of its 
development. 

It has been reported that the compressor owes much to the work of 
Armstrong Siddeley and to the compressor of the 200-series Avon. 
No fewer than 16 stages are fitted on the same shaft, although the 
blading is divided into low- and high-pressure sections separated by 
an intermediate diffuser incorporating air-extraction faces. British work 
is also reported to have influenced the design of the annular combustion 
chamber. 

The design thrust was 6,000 Ib and this was achieved carly last year, 
shortly after the first run. A 50-hr test was run last summer, during 
which the engine met the specified thrust and s.f.c. figures. Most of the 
running is now in the region of 6,500 to 7,000 Ib maximum thrust and, 
with its high efficiency and low frontal area, there is every chance that 
the ]54 will see production. The engine has been made available to the 
Navy at the nominal sum of $1. Two prototypes were accepted by the 
Navy last December, and they have since been carrying out evaluation 
running at the Air Turbine Test Station at Trenton, N.]J. 

XJ74. A medium-thrust turbojet project for the U.S. Navy. 

J81. Reported to be a high-pressure turbojet, in based on Rolls- 
Royce design studies, with an output greater than that of the J54. The 
fact that the number is odd denotes Air Force sponsorship.. 

WRIGHT. The Wright Aeronautical Division of the Curtiss-Wright 
Corpn., Wood-Ridge, N.}. When our last issue of this type was being 
written two years ago, it looked as if this famous company was falling 
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Westinghouse XJ54-WE-2. Turbojet. Sixteen-stage compressor, annular 


combustion chamber with 24 vaporizing burners and two-stage turbine. Overall 


diameter, about 33in; length as shown, about 135in; dry weight, about 1,500 ib; 
mass flow, about 100 Ib/sec; pressure ratio, about 9:1; maximum thrust, about 
7,000 Ib design dry rating at about 11,000 r.p.m. with s.f.c. in the range 0.82-0.84. 


behind its competitors in the technological race. » however, 
developments in ramjets and rockets are placing ne Wager prose in 
a stronger position. 

Apart from the Turbo-Compound, described later, the bulk of the 
company’s output for conventional aircraft comprises various versions of 
the J65 turbojet, which has been evolved from the Armstrong Siddeley 
Sapphire. Close liaison with Armstrong Siddeley has been maintained 
for some six years and, although plans for manufacturing other A.S. 
engines have not materialized, it is likely that Wright will licence-pro- 
duce the Viper turbojet if the East Coast Aeronautics production of the 
Australian Jindivik drone is stepped up. At saa Wright handle the 
imports of British Vipers for this purpose. ufacturing licences are 
also held in respect of Bristol gas turbines; one development in this 
connection is the J67 (discussed below), and there is a possibility that 
Wright may make the B.E.25. 

In January 1956 the company organized a Turbomotor Division for 
the development of engines up to 7,500 Ib dhrust for aircraft, helicopters, 
missiles and drones. When this division becomes active the Wright 
Aeronautical Division will concentrate solely on very large engines. At 

resent, the Turbomotor headquarters is temporarily at Hempstead, 

Ry. Three purchases, or leases, of land took place last year: 52,000 
cone of central Pennsylvania are allocated to jet testing and research; 
100,000 acres “between the Sierras and the Rockies” are allocated to 
future rocket and ramjet development; and a new site in north-west 
New Jersey, close to Suffern, will be the executive headquarters and the 
vault ——- of design plans. The growth of the division is such that 
there will no decrease in operations at Wood-Ridge. hm Pennsyl- 
vania site is now being built into an 85-sq-mile research and develop- 
ment centre (an unprecedented size), to which the Corporation have 
given the name of Quehanna. 

The backlog two years ago was £295m, —~ A amennes Ss. 
Other products of the Corporation are Turbolectric airscrews, 
tronics Division’s simulators, flight duplicators and radar aids; a Metals 
Processing division, including a 12,000-ton extrusion press; Ma uette 
Metal Products making turbojet and ramjet fuel pumps; and Caldwell- 
Wright Airport, Inc., who offer spares and service and maintain flight- 
test and research aircraft. Curtiss-Wright Europa is a wholly-owned 
subsidiary in the Netherlands giving overhaul and general support, 
largely to J65s in European service. 

j6s In October 1950 a licence-agreement was si 
between Wright and Armstrong Siddeley Motors as a result of w 
the former company “Americanized” the Sapphire and put the resulting 
engine into production. The sponsor was initially the U.S.A.F. and the 
designation was J65. By March 1951 the first J65s were running and the 
Buick Motor Division of G.M. were brought in as a second source at 
Flint, Mich. The latter company started production in 1952, in parallel 
with Wright, and received contracts worth £227m for J65s and £39m 
for facilities, the largest assembly = being at Willow Springs, Ill. 
Buick have now been out: Flint ceased component-production 
last September and Wi Springs assembled the last of 4,500 engines 
last November. 

Wright, however, will deliver advanced J65s for at least two more 
years for both the Air Force and N Americanization involved over- 
coming several mechanical problems, including a redesign of the centre- 
bearing support. Wright also added a flow-modulator consisting of a 
ring of flaps hinged around the compressor intake; the flaps open (to 
restrict flow) at 5,500 r.p.m. and shut at 6,500, to improve compressor 
behaviour. It has since been shown to be superfluous but is still a 
requirement of Navy J65s. Later engines have a redesigned compressor 
case, without ae ribs, upon which many of the accessories are 
hung. Some fighter J65s have an advanced afterburner, for which design 
work and sub-contract production is done by So! 

Reduced F-84F production in September io caused 1 ,024 engines 
to be cancelled, at a price of £28,600 apiece; present B-57 engines 
(non-afterburning) are priced at about £26,800 and the overhaul time 


last summer (on 165.We 5s) was 125 hr. The engine is y thought 
and Navy, and total deliveries exceed 
j67. When Wright obtained the licence for the Bristol Olympus 


they did not “productionize” the engine straight away but attempted 
to redesign it to give a dry thrust of 12,000 Ib. This has proved their 
undoing (it appears), since development has been unduly protracted. 
Last summer the total U.S.A.F. support amounted to a development 
contract for 20 YJ67s; later last year the compan y are reported to have 

Aircraft 


been informed that no production order woul aah Placed. 
originally scheduled to receive the J67 have ven other units, 
though an experimental J67 may still power tthe Republic XF-103 


research aircraft. 

T47. Nothing further has been heard of this projected shaft-drive 
version of the Olympus/J67 to supplement the information published 
on April 9th, 1954. Like the T49 (below) this was intended to be a 
derated engine, with a maximum output of 10,500 s.h.p. 

T49. For five years Wright have been persevering with a shaft- 
drive engine derived from the Sapphire, retaining virtually the original 
compressor and combustion cham but having a third turbine s: 
and a large reduction gearbox mounted centrally within the in 
casting. 

It derated to maintain 6,500 
s.h.p. to 25,000ft and running at peratures some 300 deg F under 
those of the fully rated engine. : Turbolectric airscrews for the 
Tab aoe of tha and eat ts to 
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Wright Aeronautical: assembly of Turbo-Compounds from automatic 
conveyer lines. Output is accelerating, against a full order-book. 


exceptional peak efficiencies. The airscrews are already on test as also 
is a new gearbox for the derated unit. The first YT49s, however, _ 
the full ra of about 10,380 e.h.p. Flight development i is taking p! 

in a pair of ing XB-47Ds in which a YT49 (with a Pode) nee 
airscrew) replaces each inner pair of J47 turbojets. The first XB-47D 
flew in August 1955 and the second flew in n February | last. The design 
figures of the engine (published in our last “Engines” issue of April 9th, 
1954) still apply. 

Turbo-Compound. This valuable transport engine has acquired a 
virtual monopoly among long-range, piston-engined aircraft in yu 
and, in view of the great demand for it, an accelerated production 
schedule has been extended until 1958. More than 1,800 are in airline 
service and approximately the same number are still to be built, 
excluding military engines. The Turbo-Compound is a refined and 
expensive engine, usually exceeding £28,500. 

irst commercial services were in August 1953 and the subsequent 
history was not —_e happy. Chronic nozzle-box cracking — 
experienced; for example T.W.A.’s 19 Super-Gs (Turbo-Compoun 
DA-3s) are reported to have suffered 226 unscheduled jamin ¢ at 
turbines or components in July last year, of which 156 were due to 
nozzle-box cracking. Introduction of new high-temperature materials 
is now giving improved behaviour; the longest overhaul time on Turbo- 
Compounds is 1,400 hr, with Air France. 

Last summer the new EA series went thro qualification tests. 
First production models are the EA-1 (DC-7C) ty EA-2 (L.1649A), 
the latter having a 0.335 reduction gear for a 16ft, three-blade airscrew. 
Both are rated at 3,400 h.p. for take-off (dry), a gain of 150 h.p. over 
the DA series, and the m.e.t.o. low-blower power of 2,800 ae is 
100 h.p. . Considerable effort is going into improving the low- 
and high- er critical cruise altitude by from 2,000 to 5,000ft (to 
16,600 and 25,600ft), and almost every part of the engine is being 
intensively developed. component-testing, dry powers have 
frequently exceeded 4,000 h.p. and a commercial rating of this order 
could be made available if necessary. 

Some thousands of Turbo-Compounds are in military service. 
Between 1951 and 1954 a proportion of these —— were made by 
the Chevrolet Aircraft Engine Division at N wanda, N.Y. 
Other Piston Engines. The non-compounded R-3350 Cyclone 
remains in production, one model—the R-$350.26WB—being needed 
for Douglas AD-7 production until the end of next year ¢ rating 
is 2,700 h.p. Essentially similar commercial engines (the BD cohen 
have reached a 2,000-hr overhaul life in Constellations. Over 115,000 
Cyclone 9s have been built, and advanced models of these engines are 
being made by Lycoming (g.v.) and Canadian Pratt and Whitney (q.v.). 

Ramiets. Last July the com 4 4 opened a £2.75m ramjet laboratory 
at Wood- Ridge, believed to be largest privately owned, high-altitude, 
supersonic facility of its type in the world. Sponsored by the U.S.A.F., 
it adjoins the 1949 ramjet laboratory and the 1946 gas-turbine labora- 
tory. Earlier ramjet testing was limited to units of 50in diameter, but 
even larger engines can now be accommodated. 

The most important production application concerns the North 
American SM-64 Navaho. This missile, with a design range of more 
than 2,500 miles at Mach 3.5 at over 75,000ft, is powered by two large 
ramjets which have been fully developed in test vehicles flying at 
Mach 3 at up to 90,000ft. The airframe was flown over a year ago on 
turbojet power, and has now probably flown on the Wright ramiets. 
Motors are also to be delivered for the Lockheed X-7 missile. 

Rockets. The accompanying drawing shows the XLR25 pat 
propellant motor which company have developed for the Bell X-2, 


This unit was illustrated for the first time two months 
‘or a Mach number of at least 3 it is believed to be generall 
ulsion of the S' 
end of the diffuser. 


Curtiss-Wright Ram, 
Clearly designed 

similar to the 

strategic missile. 


powerplants evolved for the cruise 
isan abrupt change in profile at 


Curtiss-Wright LR25-W-1. Thr ble li rocket 

Turbo-pump group driven by ee system to ea propellants to large aw 
small regeneratively-cooled chambers under the control of pilot-actuated electro- 
hydraulic throtties. proximate ratings of the two chambers: main, 8,000 Ib; 
auxiliary (cruising), 4, lb. Application: Bell X-2 hypersonic research aircraft. 


an experimental aircraft at present conducting thermal-barrier research 
at at Edwards A.F.B. A company advertisement states that the X-2 pilot 
will be “able to throttle the engine up and down .. . and start or 
stop it... at will, He will select rom a wide range of throttle 
positions . . . proportioning his fuel and controlling the rocket thrust.” 


ALTHOUGH very little porn poe is available, enough is 
known of current Russian aircraft-propulsion development to rate it 
as comparable with progress in the Western nations. The following notes 
are grouped under broad headings of engine type. 

Turbojets. Between 1945 and 1948 the basis of Russian work was 
a series of German axial engines, which became available at the end of 
World War 2 (in many cases with a substantial proportion of their 
design teams). A typical early Russian engine is the RD-10 (reakivnyi 
dvigatiel 10), based on the Junkers Jumo 004B. Mechanical details were 
virtually identical to those of the German engine (eight-stage com- 

ressor, six flame tubes and single-stage turbine) and the tailpipe-bullet 
or varying nozzle area was retained. The standard RD-10 weighs 
1,587 Ib and has a rating (at 560 m.p.h. at sea level) of 1,887 Ib thrust 
at 8,750 r.p.m. Several thousand were made in Russia before the end 
of 1947 and were used in the Yak-15 and 17 fighters and trainers. 

A direct development was a ene 9d Russian engine with an eleven- 
stage compressor and two-stage turbine. Although the increase in weight 
was only about 800 Ib the later ¢ was rated at 5,952 Ib thrust at 
6,000 r.p.m. with an s.f.c. of unity (considerably better than that of the 


RD-10). 

It is probably further development of this series which has led to the 
very large engine used in the Tu-104 transport and the bomber known 
to the West as Badger. The consensus of opinion is that this engine 
has from nine to eleven stages of compression, an annular combustion 
chamber and a two-stage turbine. The commercial engine apparently has 
a rating of about 14,900 Ib dry, but there is evidence to indicate that 
the bomber can call upon a rating (possibly with water) of at least 
18,000 Ib from each engine. It is almost certain that four of these units 
power the large bomber code-named Bison. It is not a by-pass unit, 
neither is it installed in the centre of a large duct. 

There is also certain evidence of the existence of an entirely new axial 
turbojet which is already in large-scale production as the powerplant 
of the twin-engined all-weather fighter known as Flashlight (and, prob- 
ably, of the ee Farmer). outstanding unit must be in the 
class of some Western engines, with a thrust of some 8,000 Ib and an im- 
pressively small diameter—probably not above 33in. In neither 
of the applications mentioned above is there evidence of afterburning. 

Shipment of Rolls-Royce Derwents and Nenes in 1947 started a com- 
parm . line of development which Russian and German 

ve exploited to the utmost—more, one might add, than has 
the ¥ West. Two eminent Americans recently pronounced the final de- 
velopments of the RD-45 (Nene derivative) as being in advance of any- 
thing done by Rolls-Royce, Pratt - Whitney or Hispano-Suiza, Not 
only has progressive aerodynamic modification this series of 
centrifugal engines into the 120 'Tb/sec class 
alloys have been developed capable of taking temperatures as high as 
those in Western ines, although the life is almost certainly shorter. 
Production of the Nene-derived units probably exceeds 20,000, early 
RD-45s being used in Mig-15s and Il-28s and later examples being 
fitted to the Mig-17. The final thrust ratings probably exceed 7,000 Ib. 

Turboprops. The outstanding development in this field is a unit 
driving contra-rotating airscrews which must have a maximum output 
of at least 6,500 h.p. (and possibly as much as 7,500 h.p.). Jt is likely 
to be based on early German work. One assumes that it is a single- 
shaft engine, and it is doubtful if its performance is in any way to 
be regarded as s 

Piston Engines. Steady development continues n the following 
air-cooled radial engines: M-11 (145 h.p.); ASH-21 (760 h.p.); ASz-21 
(540 h.p.) helicopter unit; ASH-82 (around 1,800 h.p.); and ASH-90 
(2,400 h.p.). Most of these units owe much to Western designs, the 
last-named being virtually a Chinese-copy of the Wright R-3350. 

Other Work. It is almost a sine qua non to credit Russia with great 
advances in the fields of rocketry, inter-continental ballistic missiles and 

even space travel. Little is known beyond the fact that a substantial force 
by and missile a have been recruited—largely on an ex- 
that they are certainly working hard. 
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CORRESPONDENCE 


The Editor of “Flight” does not hold himself responsible for the views expressed by correspondents in these columns; 


Sabre Meets Tu-104 

ON April 20th I took off on a high-altitude mission in a F-86K. 
When I broke through the overcast, I saw a rather big aircraft 

vapour-trailing overhead. At first I thought it was a Comet, but 

when I came near I saw at once it was the Tu-104 on the way to 

Moscow. It flew at about 34,000ft, at Mach 0.74. 

Supposed to fly in the airway from Amsterdam to the south- 
east, it was, I think, quite a bit off course; after I left it I saw it 
turning to the left for about 30 degrees. 

Oosterbeek, Holland. H. BRUNT. 


Consol Counts 
I AM pleased to see that Flight has been giving some space to 

“Long-range Navaids.” I would, however, like to point out 
that if navigators took their Consol counts as described on page 496 
(April 27th) the degree of inaccuracy would be greater than that 
suggested by Mr. Grover. 

A number of dots and dashes are lost in the equi-signal of the 
transmission from the Consol beacon. The number of dots and 
dashes transmitted should total 60. The correct procedure, as 
used by navigators of the Royal Air Force, is to count the number 
of, say, dots after the call-sign. Then follows the equi-signal, 
which indicates the time of the position-line. The number of 
dashes which follow the equi-signal is then noted. The navigator 
must then add the number of dots transmitted, subtract the total 
from 60, divide the result by 2, and add the answer to the number 
of dots which were transmitted between the call-sign and equi- 
signal. This will give the correct position-line to be plotted. 

Of course, if I am wrong, this will explain why my captain so 
often said to me, “Your navigation is — well up the pole!” 

Newcastle-upon-Tyne. D. N. 


The First Aileron 
PLEASE forgive the repetition. Ailerons were invented by 

M. P. W. Boulton in 1868, and were first used by Santos- 
Dumont in 1906. The facts are simply as follows :— 

The Boulton patent (No. 392 of 1868) was lost to view until 
the aileron was in general use. The fact that the Wrights’ wing- 
warping patent was held later to cover ailerons does not alter 
the fact of a prior but lost invention. If the Boulton patent had 
been known in 1903 to 1906 it is doubtful whether the actions 
fought by the Wrights would have succeeded. 

Santos-Dumont gained the Archdeacon Cup on October 23rd, 
1906, for the first publicly recorded powered flight in Europe, 
the distance being registered as 25 metres: he did not use ailerons 
on this flight. On November 12th of the same year, 1906, he 
won the French Aero Club’s prize for flying 220 metres, and used 
the two ailerons for this second record flight: “Enfin, pourvu de 
deux ailerons hexagonaux, le célébre aéroplane triomphait le 12 
novembre en gagnant le prix de l’Aero-Club de France par un 
parcours de 220 metres.” ‘The ailerons are plainly in view in the 
lower photograph on page 183 of Dollfus’ Histoire de [’Aero- 
nautique, and in other contemporary photographs. 

I regret that I confused these two record flights in that year, 
but the essential point stands—that the first use of ailerons was by 
Santos in 1906. Blériot almost certainly got the idea from Santos, 
as he had been following aviation very closely since 1905. 

Reference books of the time are often dangerous sources of 
history, as the editors sometimes lacked accurate information 
about what went on even in their own day, let alone earlier, often 
owing to unverified personal claims. 

London, W.1. 


Pioneers at Brooklands 

N a notice (issue of March 23rd) anent the retirement of Mr. 

C. W. Johns from the post of chief inspector of Vickers- 
Armstrongs, Ltd., it was stated that “As a youth, Mr. Johns worked 
with Howard Saunders at Brooklands in 1909.” 

The writer was the sole experimenter at Brooklands in the 
spring, summer and autumn of 1909, and there was certainly no 
Howard Saunders on the place. Presumably Howard Flanders 
is the name intended. Incidentally, in the early summer of that 
year (1909) the writer was one among the first dozen Britishers 
ever to get off the ground in any type of British-made flying 
apparatus, of any type whatsoever. 

When first at Brooklands, early in 1910, Flanders (an auto- 
mobile engineer) worked for one J. V. Neal, who was one of the 
earliest shed-holders there. Unable to make a “do” of aviation, 
Neal put his shutters up and left Brooklands in the late summer 
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the names and addresses of the writers, not necessarily for publication, must in all cases accompany letters. 


of that year. It was after this that Flanders took a shed there 
himself and started on the construction of the Flanders mono- 
plane. He was still at Brooklands in 1913, but was subsequently 
chief draughtsman for Vickers Aviation in the early years of the 
1914-18 war. The writer saw him at a dinner given to the 
British pioneers of aviation in the early 1920s by Benn Brothers 
(who at that time were the proprietors of Aeronautics) but has 
neither seen or heard of him since. 

Of the light-hearted crowd of young fellows (mechanics, etc., 
around the sheds) who were at Brooklands during the years 
1910-13, not many survive today. The highest centage met 
their deaths in flying accidents. Others were killed in the suc- 
cessive wars, whilst only a minority died from natural causes. 

London, S.W.17. E. V. HAMMOND. 


“Constant-speed” Recollections 
TH remarks of Mr. A. G. Watts (Flight, April 6th) about the 
R.A.F. fitters carrying out the constant-speed modification to 
Spitfires are quite correct. As one of the de Havilland engineers 
who was engaged on this project, I was the first engineer to modify 
a Spitfire at Hatfield. Also, with one de Havilland assistant, I 
completed the first Spitfire conversion at Hornchurch (65 Sqn.) 
in June 1940 by working through the night for 36 hours non-stop; 
of course, we had R.A.F. assistance. 

Nobody has ever said de Havilland’s engineers did the job all 
on their own. They simply directed, helping where they could, 
and advising the quickest methods. When they had satisfied them- 
selves that the R.A.F. fitters could carry on, they moved on to the 
next R.A.F. station. 

Modifying 21 aircraft in 23 days is no record. At R.A-F. 
Lyneham, F/L. Maynard, who was Engineer Officer of the M.U., 
gave me so much assistance that we modified three aircraft per 
day on three sites, making a total of nine aircraft delivered to the 
squadron each day. Even this record was beaten by R.A-F. 
Shawbury, who were modifying Hurricanes; they set out to beat 
Lyneham’s record and produced four aircraft per day from 
each site. 

The R.A.F. boys did a magnificent job both on the ground 
and in the air—nobody denies them that. 

Only one man, in my estimation, did not get all the praise he 
deserved: this was Eric Lane Burslem, the de Havilland test pilot 
who flight-tested the first aircraft modified on each station. By 
his enthusiasm, drive and hard work, he encouraged everybody, 
de Havilland engineers and R.A.F. alike. We modified Spitfires, 
Hurricanes, Defiants and some Blenheims. The first Blenheim 
was for F/L. John Cunningham (now chief test pilot of de 
Havillands), then just making a name for himself as a night-fighter 
pilot at R.A.F. Middle Wallop. 

Coventry. ArTHUR W. F. MeETz. 


Noteworthy DC-3s 

FFOLLOWING the interesting article on the veteran DC-3s in 
Flight of March 23rd, I am prompted to forward a photo- 

graph I took at Sharjah in the Persian Gulf on April 2nd, 1949, 

while I was doing my National Service in the R.A.F. 

It is AP-ADJ of Pak-Air, which I believe was originally with 
the Orient Airways. Realizing that it was no ordinary Dakota, 
as the passenger doorway was on the starboard side, I took the 
photograph. I also recollect the battery of landing lights in the 
nose; and those in the leading edge of the wing were fitted with 
anti-dazzle shields for the benefit of the pilot. 

Am I correct in supposing that many DC-3s were converted 
with standard Dakota spares? 

Stoke-on-Trent, Staffs. Peter R. BANKS. 


The Dakota referred to above by Mr. P. R. Banks. 


FLIGHT 
fa 
= 


11 May 1956 


The D.H.9 


I SHOULD like to say how much I have enjoyed Mr. Bruce’s 
articles on the history of the D.H.9. Of especial interest to 
myself was the reference to the last D.H.9s to fly in this country, 
namely, G-AACP and G-AADU. I am almost certain that these 
were the two aircraft owned by a Mr. Field at Hanworth aerodrome 
and used for towing advertising banners. I was responsible for a 
fair amount of maintenance and overhaul work on them at the 
time, and I believe I can claim to have carried out the last C. of A. 
overhaul on a D.H.9 in this country. 

Mr. Bruce states that they last flew in 1937; but, if my memory 
serves me correctly, it was found impossible to keep both aircraft 
flying owing to incessant troubles with the Siddeley Pumas and 
lack of spares. It was ultimately found necessary to “cannibalize” 
one aircraft in order to keep the other flying; it was in fact still 
doing so in 1938. The C. of A. overhaul referred to above took 
place in the latter year, but the aircraft was finally grounded 
shortly afterwards because of incurable coolant leaks on the engine, 
and the fact that a replacement cylinder block was unobtainable. 
It earned an honourable retirement as an instructional machine at 
a technical school, I believe somewhere in East London. It is 
quite possible that the aircraft is still in existence and I should be 
very interested to know if this is so. 

In 1937 these two machines were painted a nauseating mauve 
colour, but after C. of A. the one remaining aircraft was sprayed 
silver all over and looked very smart indeed. I remember that I 
was always most intrigued at the very close family resemblance 
ee these machines and the Cirrus and Gipsy Moths of the 
period. 

Wivenhoe, Colchester. M. P. Sayer. 
ITH reference to the USD-9 mentioned in J. M. Bruce’s 
excellent article on the D.H.9, in Fahey’s U.S. Army Aircraft 

1908-1946, I find the following data :— 


G weight! Span Top speed 
(fe in) | (fe in) | Engine (m.p-h.) 


DH... 4,645 % 0 30 0 | Liberty 12A 114 
USD-9 ... 4,750 45 11 30 2 | Liberty 12 115 


Fahey also states that the 14,000 aircraft cancelled were D.H.9s. 
Sutton Coldfield, Warwicks. Davip G. NowgELL. 


Recognition Riddle 
ON Thursday, —_ 18th, I saw a twin-engined monoplane 
pass over the R.A.E., Farnborough, at 1645 hr, travelling 

due south at an estimated 250 kt and 3,000ft: Two large radials, 
well underslung, and also well ahead of the nose; sweepback 
on the leading edge outboard of the nacelles, straight trailing 
edge; single fin and rudder; deep engine note; colour and mark- 
ings undecipherable, as it was up-sun from me. Not a Beau- 
fighter, not an Expediter or anything similar, but a big, solid 
warplane. It leaves me with one answer, which I hardly dare 
— and flatly refuse to believe—Ju88. Help, somebody, 
please! 

Farnborough, Hants. D. B. MINTERNE. 

(We venture to suggest Short Sturgeon, North American 
A. J. Savage, or Grumman $2F Sentinel, with the target-towing 
Sturgeon as the most likely. —Ed.] 


Australia’s Lancaster G for George 

I HAVE just finished reading my Flight issue of February 3rd, 
1956, and I was particularly interested in reader H. N. Walker’s 

information on “Australia’s Historic Aircraft” in the Corre- 

spondence page. 

However, I would like to refer specifically to Lancaster “G for 
George.” Mr. Walker states that this aircraft had 59 missions to 
its credit. I think that the correct number was 90, and I support 
my statement with a close-up photograph of the nose of this air- 
craft; it is aw to see that there are 90 bombs painted onto the 
a The photo was taken during 1951 at R.A.A.P. station 

nberra 

Ryde, N.S.W. JOHN HEFFERNAN. 

(The picture is not quite clear enough for reproduction, but a 
total of 90 “bombs” is certainly visible.-—Ed.] 


Early Days of No. 18 Sqn. 
REVERTING to your recent history of No. 18 Squadron 
R.F.C. and R.A.F., I enclose a photograph of the single- 
seater Martinsyde Scout used by G/C. (then Major) Carmichael 
for Zeppelin hunting at Northolt and Mousehold Heath. Inci- 
dentally, the Avro at Northolt had an 80 h.p. engine and not 
50 h.p. as stated. 

The Cpl B. Ankers mentioned as climbing down on the 
undercarriage of an F.E.2B to release a trapped message bag was 
later granted a permanent commission in the R.A.F. and, as 
W/C. B. Ankers, D.S.O., D.F.C., D.C.M., was accidentally killed 


Zeppelin-hunting Martinsyde (see Mr. R. Davidson's letter below). 


in —~ in 1938 while travelling as a passenger in a Service 
aircraft 
The air-mail service between Lympne and Cologne, with 
No. 18 Squadron operating from the Cologne end, had the dis- 
tinction of being the first regular air-mail service to be run by any 
country in the world. 
Carshalton, Surrey. 


Skymaster History 
Y our. correspondent Sgt. D. F. Gilpin (Flight, April 6th, page 
400) is wrong when he states that he saw the Du tch’ Sky- 
master NL-300 at Almaza Airport in 1943. This aircraft, together 
with 16 others, was obtained by the late Dr. Plesman "after the 
war as first re-equipment for the new K.L.M. fleet; these aircraft 
first got military serials and roundels (the wartime orange triangle 
with black edge) and their serials were from NL-300 to NL-316. 
Of these NL-306 never flew, the aircraft being cannibalized for 
spare parts. 

The reason why those aircraft wore military insignia was that 
immediately after the war most aerodromes along the route to the 
Far East were only open to ~— | aircraft and not for civil 
airliners. Thus the old Amsterdam-Batavia route was re-opened 
as a government service with military transports, but the crews 
were K.L.M. people wearing their commercial dark blue outfit. 
This remained until the summer of 1947 when the service was 
again officially transferred to K.L.M.; the Skymasters then got 
their civil registrations and K.L.M. livery until, shortly after- 
wards, they were replaced by Constellations. 

The history of NL-300 is, however, no exception to a rule, 
because almost all of the 17 ex-K.L.M. Skymasters are still flying, 
most of them under French flags. 

Wassenaar, Holland. B. Van Der Kiaauw. 


RosBert DAVIDSON. 


FORTHCOMING EVENTS 
May Helicopter Film: “The Story Heli- 
May 12. Flying Club: Anniversary Part 
May 12-14. Channel islands Aero oe: “international Rally. 
May 12-14. Quiberon Air Club: Air Ri 
May 14-16. Aero Club: Display and Rally, 
May 15. R.Ae.S.: Section Lecture: “Medical Aspects of “gS oor 
fort and Efficiency,”” by Dr. A. Buchanan Barbour, 0.B.E., 
May 16 Nevis tions by C. H. Gibb: 
. Institute o javigation: jlooning,”” by C. H. 
Smith, D. N. Harrison, C. S. Durst. 
May 16. Lympne Airport At ae. 
May 16. Kronfeld Club: Film 
May 17. R.Ae.S.: The 44th Wilbur Wright ang “The Aero 
dynamic Art,” by Sir William S. Farren, C.B., MBE. 
F.R.S., F.R.Ae.S. 
May 17-19. F.A.1. Conference, Vienna. 
May 19-21. er St. Raphael : Air en 
May 21. R.Ae.C.: National Air Races, 
May 26. London bys & lub: Annual too Meeting. 
May 27. Aéro-Club du Dauphine: Air Rally. 
May 29. Technology: Annual General Meet- 
ing, a 
June 2-3. R.A.F.A. Conference, Southport. 
June 2-4. Zoute Aviation Club: Third International Rally. 
June 8-10. Palermo Aero Club: Eighth Tour of Sicily. 
June 9. Royal Air Forces Association, Northern Ireland H.Q.: Air 
Display, R.N.A.S. Sydenham, ‘Belfast. 
yas a 23. Elstree Flying Club: At Home and Flying Display. 
une 29- 
July _13. World Gliding Championships, St. Yan. 
Sept.’ 3-9. S.B.A.C. Display, Farnborough. 
R.Ae.S. Branch (to 28th) 
May 11, Birmingham, nd Kindred Pilot Aids. May 14, Halton, 
Film. | May 16, Glasgow, = Flight,” by A. H. Yates. May 28, 
Film. 
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THE INDUSTRY 


Blackburn (Dumbarton) Directorship 


- has been announced that G/C. R. C. Hockey, D.S.O., D.F.C., 
has been appointed director and general manager of Black- 
burn (Dumbarton), Ltd. In pre-war days G/C. Hockey was a 
technical officer at the Royal Air- 
craft Establishment, and in 1937 
he was appointed Inspector of 
Accidents to the Air "I 
Already an officer of the R.A 
Reserve in 1935, he was mobil- 
ized at the outbreak of war and 
served asa flying instructor before 
transferring to No. 24 Sqn. In 
1940 he joined the special duties 
flight of Bomber Command and 
two years later commanded No. 
138 Sqn. In the following year 
he formed No. 334 Wing, Medi- 
terranean Allied Air Force, and 
later was posted to H.Q. No. 38 
Group. After the war he gradu- 
ated at the E.T.P.S. and was test 
flying at Boscombe Down before 
being appointed Head of the 
Department of Flight at the 
College of Aeronautics. In 1949 
he joined S. Smith and Sons as aviation division engineer, and 
in November 1954 he went to Blackburn and General Aircraft as 
oe executive to Mr. Eric Turner, chairman and managing 

irector 

The Dumbarton factory, which for some years past has been 
engaged on large-scale production of prefabricated housing units, 
has also been busy on aircraft work, which has included major 
components for the Blackburn Beverley and the Bristol Britannia. 


High-strength Fasteners 


LREADY well known in America—and also on the Continent 

of Europe, where it is being used in the structure of the 

Dassault Mystére—the “Jo-Bolt” high-stren fastener is now 

being produced in this country—by Aviation Developments, Ltd., 
Kingsbourne House, 229/231 High Holborn, London, W.C.1. 

The device is primarily intended to provide for the attach- 
ment of high-strength skins by a 
high-tensile fastener, particu- 
larly where Ge is 
“blind”. le of opera- 
tion will be apparent from the 
adjacent sectioned drawing, 
the upper half of which r - 
sents the assembly before riv- 
ing. The bolt and nut are of 
high-tensile steel, while the 
sleeve which abuts the head of 
the bolt is of stainless steel and 
is the only deformable part of 
the assembly. 

It will be seen that the “un- ' 
driven” assembly is of constant ! 
diameter and can therefore be : 
inserted without difficulty in a 
blind hole. The “Jo-Bolt” is 
tightened by a pneumatic tool 
having a chuck which turns the 
pas shank of the bolt, whilst a surrounding stationary mem- 

r engages the recessed-head nut and so prevents it from 
As the bolt is tightened the sleeve under its head is deformed by the 
tapered shank of the nut, until eventually it abuts against the work 
face, constituting a rigid clamping assembly as shown in the lower 
half of the drawing. When the bolt is home the shank 
is cut off flush with the head of the nut. 

An increasing range of sizes is available as the device goes 
further into production. As an indication of performance, figures 
quoted for a 3/16in “Jo-Bolt” show an ultimate shear strength 
of 2,768 Ib under test in L.73 material of }in thickness. 

Advantages claimed for the fastener include the following 
that it is the only one of its kind which can be placed both cata 
and flush; it gives positive sheet clamping, and can also be used 
for tacking purposes; its vibration-resistance is superior to that of 
bolt/locknut combinations; and that in a similar comparison it 
saves both weight and space. 


G/C Hockey. 


| 


The “Jo-Bolt” assembly. 
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For Vacuum and Hydraulic Testing 


HE Gatwick Airport, Surrey, firm of Aerocontacts (Ground 

Equipment), Ltd., are now manufacturing the Scoba auto- 
matic-pilot tester, originally designed and manufactured by their 
associate company, Aerocontacts (South Africa) Pty., Ltd. the 
South African Air Force. 

A self-contained mobile unit providing ind tly con- 
trolled vacuum and hydraulic sources of supply, the equipment 
makes it possible to test various types of hydraulic automatic pilots 
in situ in the aircraft. The tester can also be used for flushing, 
decanting and replenishing hydraulic systems, or as an auxiliary 
_——— and vacuum source in the shop for testing a variety 

components. Power is vided by a 380-440 v motor, and 
the whole equipment, inchoding flexible pipes and electric supply 
cable, is contained in a compact trolley unit. 


Kent’s New Director 


J, is announced that Mr. Reginald S. Medlock, B.Sc., A.R.I.C. 
A.M.LE.E., A.M.I.Mech.E., has been appointed to the Board 
of George Kent, Ltd., of Luton. Mr. Medlock, who is the head 
of the company’s research and develo - t department, graduated 
from London University with a lass honours degree in 
chemistry in 1935 and joined Kent’s in that year as a chemist 
specializing in electro-chemical measurement. He has travelled 
widely since the war. He was a member of one of the B.I.0.S. 
teams investigating the German instrument industry at the war’s 
and later went to the United States as co-leader of the 
Design for Production team sponsored by the Anglo-American 
Productivity Council. 
Mr. Medlock recently completed a period as chairman of the 
control section of the Society of Instrument Technology. 


Helicopter Cargo Nets 


N YLON nets suspended beneath helicopters are now being suc- 

cessfully employed in this country for transporting materials 
and plant to construction sites in inaccessible districts. A firm 
operating in Scotland recently airlifted some 250 tons of materials 
in this manner, about a quarter of a ton being carried on each lift. 
A smaller version of the net used was shown by British Nylon 
Spinners, Ltd., manufacturers of the nylon yarns, at the recent 
Industrial Textiles Exhibition in London. 

The net as employed in the Scottish operations is octagonal, 
with a diameter of 8ft 6in. It has a 3in mesh constructed from 
din-circumference nylon rope with a breaking strain of 1,200 Ib. 
The boundary rope is made from 1jin ~~ pe rope, with a break- 
ing strain of 3,200 lb. The net is the helicopter by 

ting equipment, operat e t 

Each net, it is stated, has a safe working load of ro y half 
a ton, but its total weight is only 22} Ib. Additional advantages 
are that nylon is very hard-wearing, and is immune from rotting; 
and if it gets wet it does not need to be dried out. 


IN BRIEF 


Mr. P. E. A. Talbot, of Smiths Aircraft Instruments, Ltd., 
has been appointed sales and services manager for the 
company in Canada. He will be resident at the offices of S. Smith 
and Sons (Canada), Ltd., and will look after Smiths aviation 
interests in the U.S.A. as well as in the Dominions. 

* 

W. Wilson and Sons (London), Ltd., A.I.D.- and A.R.B.- 
approved stockists of aluminium and alloys, have moved to their 
new premises at 114, Nightingale Road, London, N.22 (Bowes 
Park 8431). 

* 


Vosper, Ltd., of Portsmouth, announce that Cdr. C. Dreyer, 
D.S.O., DSC. has joined them as sales . During the 


war Cdr. Dreyer commanded M.T.Bs., and thus has practical 
experience of high-speed craft. His last post was as the Executive 
Commander of H.M.S. Ark Royal 


Ferodo, Ltd., state that Dr. N. 
A.M.1L.Mech.E., has assumed full responsi ‘lity { or the manage- 
ment of their technical sales department. The new arrangement 
will make possible closer technical liaison between the company’s 
engineers and their counterparts in all branches of the engineer- 
ing industry and the Services. 

As part of a plan to centralize and expand their production of 
flexible hoses, Compofiex Co., Ltd., closed their Wimbledon 
factory last month and transferred the uction facilities to 
their main factory at Huddersfield Road, Oldham. The com- 
pany’s design and development establishment will remain at 
Pondaimine Surrey, and the addresses of the Flexibles Advisory 
Centres are also unchanged at present. 
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lighter 


than any other 
liquid-fuel starter 


BTH’s latest contribution to the development of 
aircraft turbo-starters is this new Iso-Propyl 
Nitrate starting system—simpler and approxim- 
ately 30% lighter than any previous design. 


FROM FUEL TANK 


24- S-ame 
SUPPLY 


* Under 10 seconds starting time 

* Less than | amp. current used per start 

* Fuel automatically and exactly metered for 
each start 

* No air supply needed 

* Standard 50-60 gm cartridges used for initi- 

ating start. 


Following satisfactory tests on the large 
HOOKE’S TYPE Em new Armstrong Siddeley ‘Sapphire’ engine, 
LIGHT SERIES Em the Ministry of Supply have placed sub- 


These joints are designed 
specially for the sirera stantial orders for this BTH starting system 
industry and are of anodis- 

ed light alloy. Trunnion for use in the latest ‘ Javelin’ Fighter. 
pins are hardened and ° 

ground steel, cadmium 
plated. They withstand 
some tension and com- 
pression loads and are 
available in a wide range 
of sizes. 


Ain MINISTRY GAUGE TEST HOUSE AUTHORITY BRITISH THOMSON-HOUSTON 


THE MOLLART ENGINEERING CO LTD 
THE BRITISH THOMSON-HOUSTON COMPANY LIMITED 


KINGSTON BY-PASS SURBITON SURREY ENGLAND COVENTRY - ENGLAND 
PHONE: ELMBRIDGE 0033-7 GRAMS: PRECISION SURBITON Member of the AE! group of companies 


A 4958 


: 
Often eliminating the 
sleeves. these joints are 
ideal for use where ten- 
to high speed drives, 
are made from 45- 
SO tons alloy steel to 
| 
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Cold 


Extreme cold. A comfort to know 
that the safety factor of Triplex 
pressure windows actually in- 
creases as the temperature falls. 
Right down to —60°C. 

Safe as (Triplex glass) houses, you 
might say. Most aircraft manu- 
facturers do! 


TripleX 


TRIPLEX SAFETY GLASS co. LTo., ALBEMARLE STREET, PICCADILLY, LONDON, 


LL IN 
MASTER 
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TAL 


FOR AIRCRAFT, ENGINES and PARTS, HANGAR 
FLOORS, AIRPORT APRONS, WORKSHOPS, etc. 


Grease and oily deposits don’t stand a chance when GUNK gets to work! Simply 
brush or spray GUNK on wherever is to be cleaned — rinse off with water — and 
see how all traces of grease and oil are instantly removed. So simple to use and 
so effective! There is no bothersome heating or mixing either. GUNK is 
supplied ready for use in 5, 10 and 40/45 gallon drums. 

Send today for a free trial tin and see for yourself the remarkable cleaning 
powers of GUNK. 


Manufactured by BENNETT (HYDE) Ltd. - Boston Mills: Hyde - Cheshire. Tel. Hyde 1377-8-9 
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All over the world. . 


British Aircraft, powered by British engines, are 
today flying with many of the world’s Air Forces 
and Air Lines. Practically all of these aircraft are 
fitted with control equipment designed and manu- 
factured by Teddington Aircraft Controls Limited. 


TEDDINGTON AIRCRAFT CONTROLS LTD., MERTHYR TYDFIL, SOUTH WALES. Telephone Merthyr Tydfil 666. 
London Offices: 51 BROMPTON ROAD, S.W.3. Telephone: KENsington 4808 


fastest to India 


and fast to the Far East 


luxurious slumberettes 


for first-class passengers . . . no extra cost 


Super Constellation Our routes serve 
° Paris, Dusseldorf, Geneva, Zurich, Rome, 
services weekly Dare. Damascus, Cairo, Karachi, Bombay, 
Icutta, Delhi, Madras, Bangkok and Tokio 
from London Services from Bombay throughout India 
and to Singapore and Hong Kong 
Comfortable sleeping berths now available 
on all flights 
= Your travel agent charges no booking fee 
AIR 7] NDIA 66 Haymarket London SW! Phone : TRA 4541 
32 Deansgate Manchester Phone : Blackfriars 2754 
Worcester Chambers 105 Colmore Row Birmingham 3 
Phone : Birmingham Central 2209 
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Out infront... 


The 99°9% efficiency 
rating of VOKES 
liters ensures the re- 
moval of ALL damag- 
ing particle sizes. 


Vokes aircraft filtration 


With over 30 years of experience behind them in the design 
of all kinds of filters, Vokes are the acknowledged 

leaders in the world of scientific filtration. In the 

aircraft industry especially, Vokes have shown outstanding 
enterprise and have pioneered most of the modern 
innovations in airborne filtration. 


AIR, FUEL, LUBRICATING and HYDRAULIC 
OIL FILTERS * CABIN PRESSURISATION 
FILTERS and SILENCERS - TEST-BED FILTER 


Vokes (Canada) Ltd,, Toronto 


pioneers of 
scientific filtration 


VOKES LIMITED - GUILDFORD - SURREY - ENGLAND : London Office : 123 Victoria Street, Westminster S.W.1 


Vokes Australia Pty. Ltd., Sydney 
REPRESENTED THROUGHOUT THE WORLD - 


In the building and maintenance of 
aircraft all over the world, Flexello 
castors are playing an increasing part. 
Specially designed for ground servicing 
equipment, they are utterly reliable 
under all conditions. The constant 
quality, closest inspection and modern 
methods have made Flexello the largest 
castor manufacturers in Europe. 


For full particulars 
write to Dept.156/ AV 


FLEXELLO CASTORS & WHEELS LTD 
SLOUGH . BUCKS. TEL. SLOUGH 24121 


NEWTON-DERBY 


© 


AUTOMATIC 
VOLTAGE REGULATORS 


Also makers of Rotary Transformers and Convertors, 

Wind- and Engine-driven Aircraft Generators, High 

frequency Alternators and High-tension D.C. Generators. 
ELECTRICAL PLANT SPECIALISTS 


NEWTON BROTHERS (ocesy) LIMITED 
HEAD OFFICE & WORKS: ALFRETON ROAD, DERBY 
| Tel.: DERBY 47676 (4 lines). "Grams: DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 
Tel.: Holborn 0623 
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For Fuel Filtration 
on the Goblin Jet 
de 


Engine, 


Havillands 
USE 
AUTO- 
| FILTERS 


STRAINERS 


HOUNSLOW, ENGLAND 
HOU 6441 (6 lines) 


CIRCULARITY OF 
BALL TRACKS WITHIN 
0.000020’ 


PRECISION BALL BEARINGS 
Complying with A.B.E.C. 5 and 7 and 
with Government Specifications. 

As specified by the leading manufacturers of 
flight instruments, ultra high speed units of 
various types, digital computors, synchros, 
etc., etc. 

We are also specialists in the manufacture 
of gyroscope and scientific instruments. 


A.R.B. and A.I.D. approved 
May we send you particulars? 
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GRAVINER 


ENGINEERS IN 
FIRE PROTECTION 


AERO ENGINES OF THE WORLD 


GRAVINER MANUFACTURING COMPANY LTD., COLNBROOK, BUCKS. 


‘CRINKLE washers 


Heat treated and plated giving corrosion resis- 
tance with high degree of recovery in relation to 
load, and resistance to “set.” Spring locking 
action suitable for electronic and instrument 
components. Size range }" to 8 B.A. 


Prices and samples sent on request. 


DAVID POW!IS LSONS 


ater “om ¥ 4-8 


Essential Tools for Industry 


BOSCH 
SCREWDRIVER 
EW/URJ 54/25/ 


Here is another in- 
dispensable tool for 
driving and tighten- 
ing metal screws and 
nuts in one opera- 
tion. 

It is suitable for 
threads from &* to 
+” diameter; it has 
a spindle speed of 
1,050 r.p.m. (free) 
and 750 r.p.m. under 
full load; and weighs 
approximately 4 Ibs. 


This is one of the 
complete range of 
Bosch/Lesto Electric 
Tools sold and ser- 
viced in the U.K. by 
Scintilla Ltd. 

Enquire of your local 
stockist or in case of 


difficulty write to 
SCINTILLA LTD., 
20 Carlisle Road, 
London N.W9. 


With special jigs and fixtures, two or 
more Screwdrivers can be “ganged up 
to be used simultaneously as illustrated, 
in order to save operational time and costs. 
NOTE: Actual jigs are not of course 
supplied by us. 


THE BIG NAMES IN PORTABLE POWER TOOLS 
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SHEET 
STRIP 
GAUZE 
WIRE-ROPE 
CASTINGS 
to A.I.D. 
and A.R.B. 


THE 


TUNGUM COMPANY LIMITED CHELTENHAM ENGLAND 


“DTD. APPROVED PROTECTIVE: 
COATINGS FOR GAS TURBINES. 


pe STOVING AND AIR DRYING SILICONES RESISTANT TO JET 
Now used on— FUELS, ESTER LUBRICANTS, SKYDROL, ETC. 
HIGH TEMPERATURE RESISTANT SILICONE STOVING AND AIR DRYING 
ARMSTRONG SIDDELEY PROTECTIVE COATINGS DTD. 4381 AND 4448. 
SAPPHIRE HIGH TEMPERATURE RESISTANT STOVING AND AIR DRYING PRO- 
e TECTIVE COATINGS FOR MAGNESIUM AND ALUMINIUM ALLOYS. 
A. V. ROE, CANADA DTD. 4380 AND 4458. 
ORENDA SORCO FINISHES FOR THE PROTECTION OF HYDRAULIC SYSTEMS 
e AND THE INTERNAL AND EXTERNAL PROTECTION OF REFUELLING 
EQUIPMENT. 
CURTISS WRIGHT 
J.65 SORCO SILICONE COIL IMPREGNATING AND ELECTRICAL VARN- 
ISHES. RESISTANT TO HIGH TEMPERATURE, ESTER LUBRICANTS, 
e HYDRAULIC FLUIDS, SKYDROL, ETC. 


NAPIER ELAND 


va} 
| 
> 
G RSAL ust 
| 
modern industrial finishes Itd. 
THAMES CHEMICAL WORKS, NORTHFLEET, KENT: phone: GREENHITHE 3171 grams: MODFIN GRAVESEND 
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SHEET METAL ENGINEERING... 
for the AinCRAFT INDUSTRY 


Our photographs show sections of our 
extensive works where work is in pro- 
ress on complete tailplane assemblies 
ior the famous Hawker Hunter jet 
fighter aircraft. 


Our long experience and modern i 

with our high quality and precision omen. enable 
us to offer a specialized service co the aircraft industry. 
We can make prototype components or equipment and 
can also produce the tools to do the job. Our spacious 
workshops can also handle quantity production. 


Full information available from Dept. F.1/56. 


THE JEPPESEN “JET-AGE” R-2 COMPUTER™ 


. « « Simple, accurate, revolutionary, the Jeppesen “single 
setting’’ Model R-2 Computer takes the “error’’ out of True 
Air Speed computations. It solves accurately and rapidly com- 
putations for COMPRESSIBILITY . SKIN FRICTION . FALSE 
TEMPERATURE READINGS . Interprets the Compressed Air 
Cone around the plane. 


SOLVES THE COMPLEX TAS FORMULA 

rom A SINGLE SETTING you read directly TAS in KNOTS, 
TEMPERATURE RISE C°, and MACH NUMBER, equally effective 
for all speeds—from DC-3 speeds to MACH 1.8. 


WIND SOLUTION 
A SINGLE SETTING you read CRAB ANGLE, WIND 
VELOCITY, and WIND DIRECTION. 


* SOLVES ALL STANDARD PROBLEMS 
Crab"’ angle of drift . point of no return . time-speed-distance 
fuel burnout . Mach numbers . temperature rise . True Air 
Speed . pressure pattern . interception . density altitude . true 
altitude . conversion to: Statute, Nautical, Kilometre, Feet, 
Metres, Pounds, Kilograms. 


2. PROFESSIONAL IN EVERY RESPECT 
S-page illustrated briefing booklet with every computer. 


Send for interesting, des- 
criptive folder on that 
nebulous TAS formula. 
Errors up to 45 Kes. at 600 
Kes. per hour explained. 


As supplied to Rolls-Royce Ltd., Bristol 
Aeroplane Co., Ltd., and Armstrong 


MODERATELY PRICED Siddeley Ltd., for Avon, Derwent, 
4)” pocket size $6-70 Nene, Olympus, Proteus, Sapphire, 
6" navigator size $9-85 Mamba, etc. 
Slightly higher outside EQUATOR WHEELS & SECTIONS LTD. 
the United Seates. RAGLAN STREET WOLVERHAMPTON 
JEPPESEN & CO., STAPLETON AIRFIELD, DENVER S, COLORADO Tel: 21605/6 


UNITED STATES OF AMERICA Specialists in Cold Rolling, Forming and Coiling for the Aircraft Trade 
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Announcing 
STEEL 
TIFFENING 
"BANDS 
4 
ENGINES 
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there’s never a drip through 


genuine clip 


L. ROBINSON & CO, (GILLINGHAM) LIMITED 
Lendon Chambers, Gillingham, Kent 
Phone 5282 


Have you a 
COUNTING PROBLEM 
Our range of (@) mechanical and electro- 


magnetic counters cover the requirements of 
most industries. Illustrated are two small non- 
reset counters and a number wheel assembly. 


Write for details. 


Telephone: ELSTREE 1382-3-4 


COUNTING INSTRUMENTS LTD 
( 5 ELSTREE WAY. BOREHAM WOOD, HERTS 


Getting t grips 
with the problem of supplying yourself 
with nuts and bolts in steel, stainless 
steel and alloys, with turned components 
such as studs, tensioners and turn- 
buckles, or with special parts including 
pipe joints and small rod assemblies, all 
to your own special requirements, 
A.L.D. and A.R.B. . . . the answer to 
this problem is, if you want things made 
beautifully simple . . . 


it to 


trusted suppliers OWEN B 
to the aircraft 
industry since 1911 


Another member of the 
Owen Organisation, 


ORGANISATION of undercarriages and 
hydraulic equipment. 


AVIATION DIVISION, RUBERY OWEN & CO. LTD. P.O. BOX 10, DARLASTON, 
WEDNESBURY, STAFFS. TELEPHONE: JAMES BRIDGE 3131 
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= Electro Hydraulics Ltd., ent 
OWEN Warrington, specialises in 
the design and production ae 


special 


issue of The Autocar! “British Cars & 
Accessories” lines up all the current models, with 
prices, specifications, performance data, etc., and 
reviews many accessories for car, caravan and 
workshop. All for a shilling, with a full quota of 
regular articles. 
Keep right up to date with The AvrTocar. 


If you’re buying a new car The 
or refurbishing an old one get 


“BRITISH CARS & ACCESSORIES” NUMBER xensactivrs 
LOOK WELL A-HEAD 
OLYMPUS 


WHEREVER YOU MAY FOCUS YOUR ATTENTION ON THE 
MIGHTY OLYMPUS TURBOIJET ENGINE YOU WILL FIND 


EVIDENCE OF THE WORK WE ARE PRIVILEDGED TO 
PRODUCE FOR THE BRISTOL AEROPLANE CO. LTD. FROM <= 


| COMBUSTION CHAMBER TO BULKHEAD, COOLING AND 


VENTILATING TO OILING SYSTEM OUR COMPONENTS 
| AND ASSEMBLIES ARE THERE, PRECISION MACHINED 4 
IN STAINLESS STEEL AND VARIOUS ALLOYS. \ 
\ Specially good for dry scalps 


| YOUR KIND IR_KIND ENQUIRIES _ARE M MOST CORDIALLY INVITED LY INVITED - Refreshi 1 Clean 


S PA G U | L D S 7 I. \ \ , y Keeps your hair in place naturally—all day long 
: and there is plain ANZORA CREAM for greasy scalps 


| ST. JAMES’S SQUARE CHELTENHAM GLOS. “4NZORA MASTERS THE HAIR” 


PHONE: CHELTENHAM 53312 28 Obtainable from CHEMISTS AND HAIRDRESSERS 4/3 


SCHOOL OF GAS TURBINE TECHNOLOGY 


POWER JETS (RESEARCH AND DEVELOPMENT) LTD. 
During July three Advanced Courses will be held, each of one week’s 
duration, dealing respectively with the Design of Compressors; 

Turbines; Combustion & Heat Exchangers. 
An Aero Engine Design Course will be held from 13th to 31st August. 


Full particulars on application to The Principal 
SCHOOL OF GAS TURBINE TECHNOLOGY 


FARNBOROUGH PLACE, FARNBOROUGH, HAMPSHIRE, ENGLAND Telephone: Farnborough 1300 
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ACCURATE 


TORQUE LOADING 


OVERLOADING 
IMPOSSIBLE 


AUTOMATICALLY 
CONTROLLED 


COMPACT AND 
EASY TO HANDLE 


Catalogue on request to : 
World Distributors 


CORY 
BROTHERS 


AND COMPANY LIMITED 
Dept. 

Corys’ Buildings, Cardiff 
Telephone: Cardiff 31141 


BRISTOL AERO-ENGINES 
LIMITED 


SOMETHING NEW 
FOR DRAUGHTSMEN 


Bristol Aero-Engines Ltd., have ies for Desig 
Draugh ' to speciali in Blade Design, 
facturin g tech and forward developments. 


Mechanical Drawing experience and preference will be 
given to those holding the O.N.C. or H.N.C. No previous 
experience on blade work is required, training being 
provided during course of the job. 

A good salary, with the usual generous Pension and 
Welfare facilities, will be paid to those who demonstrate 
their suitability for work in this new field. 


* 


Letters, quoting 75/JF, giving a brief outline of qualifica 
tions and experience should be addressed to the Personnel 
Manager, Bristol Aero-Engines Ltd., Filton House, Bristol. 


BRISTOL 


Problems of a Piping Designer 


This is a vital precondition of design 
progress. In flexible piping and hose as- 
semblies, the need for ultra reliability looms 
larger all the time; and, with it, comes the 
more and more pressing need for resistance to 
higher engine temperatures and pressures. 
When flexible piping crops up, in any shape or 
form, it is wise to consult “Avica”’. 


FLEXIBLE PIPE ASSEMBLIES 


Products include All-stainless Steel and Synthetic 
Rubber Flexible Pipes, Stainless Steel Bellows 
Assemblies, High Pressure Swivel Pipe Couplings, 
H.T. & L.T. Ignition Leads and Harness, Electrical 
Wiring Conduit Assemblies, Flexible Pipe and Cable 
Support Clips. 


AVICA EQUIPMENT LIMITED 


Mark Road + Hemel Hempstead - Herts 
Tel. Boxmoor 4711 ~* Cables: Avica, Hemel Hempstead 


T.A.6879 
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These aspects of Gas Turbine Engineering hold a key > 
position in the development of existing types and the 
design of new engines. Applicants should have previous 
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PRESS DAY —Classified advertisement 

“copy” should reach Head Office by 

FIRST POST THURSDAY for publication 

in the following week's issue subject to 
space being available. 
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CLASSIFIED ADVERTISEMENTS 


Advertisement 


- per line, minimum 8/-, average line contains 6-7 words. 


Rates. 
Contracts, Patents, het and Official Notices, Public Announcements, Public Appointments, Tenders 5/- 


line, minimum 10/-. Each paragraph is cha: 
tisements must be strictly prepaid and should 
House, Stamford Street, London, 8.E.1. 


y, name and address must be counted. All adver- 
to FLIGHT Classified Advertisement Dept., Dorset 


Postal Orders and cheques sent in payment for advertisements should be made payable to Iliffe & Sons, Ltd., 


and crossed & Co. 
Trade 


who use these columns regularly are allowed a discount of 5%, for 13, 10% for 26 and 15% for 


52 consecutive insertion orders. Full particulars ill be sent on application. 


Box Numbers. § For the convenience of private advertisers, Box Number facilities are available at an additional 
charge for 2 words plus 1/- extra to defray the cost of regis 
Replies should be addressed to “‘Box 0000, c/o Flight,” 


advertisement charge. 
London, 8.E.1 


The Publishers retain the right to refuse or withdraw advertisements at their discretion and do not acce 
for delay in publication or for clerical or printer's errors although every care is taken to avoid mis 


tration and postage, which must be added to the 
Dorset House, Stamford Street, 


liability 


*FLYING SUITS 


(es i/lustrated) 
Fine serge-finished 
drill Guaranteed 


shrink-proof. Front, 
legs and cuffs zip- 
fastened Inverted 
pleat and saddle 
back Specially 
large pkts etach- 
able buttons. Cols 
White, novy, block 
Sizes: 34-48 


* Goggles Mk. Vill 25/- 
Spare lenses available, 
tinted or clear. 7/6 pair 
* Latest Pattern R.A.F. 
ANTI-GLARE SUN 
SPECTACLES 2/6 


Complete with strong case 


*FLYING HELMET No. 103. Serviceable helmet fer 
club flyer. ideal for those not requiring electrical inter- 
com. Ear pockets made to take Gosport tubes C/No. 214, 
Weight 8 ozs. in brown only. Sizes 64° to 7)” 61.15.0- 
Gosport tube C/No. 214 tare Helmets complete with 
Gosport Tubes 50/- per set. 

Terms to Flying Clubs. Trode supplied. 
Send 4d. in stomps for :/iustroted catalogue 


F) 124 Gt. Portland 
London, W.1. 


Tel: Museum 4314. Grams: 
Aviokit, Wesdo, London 


PRESS NOTICE 


MAY 25th ISSUE WILL CLOSE FOR PRESS 
WITH FIRST POST WEDNESDAY, MAY 16th. 


AIRCRAFT FOR SALE 


AERIAL WORK EQUIPMENT 
tor o— by Operating Company in Cyprus 


Te Teo. aircraft as detailed be’ 
(2) Aerial crop-dusting, spraying and i. 


equipment. 
Aerial adve: _ banner-towing equipment. 
Aerial photogra equipment. 


, (S) Portable ground radio equipment, for two-way 
communication with the aircraft. 


engine and 
12-volt system, CE1140 1l-channel V.H.F. 
radio long-range fuel tank. 
One of the aircraft iy its engine) has flown 600 
hours since new and ha a full 12 months” 
available. The other (with its 
PECIAL sideration will be enquiries 

con to or 
purchase of the whole Penson 


DERBY AVIATION LTD. 
Aircratt and Engine Overhaul 


Sales — Service — Tuition 
and Charter 


DERBY AIRPORT 
Telephone: ET WALL 32) 


and other machine types, 
whilst for all forms of 
FLYING AND LINK INSTRUCTION 
consult our school at 
LSTREE AERODROM 
ELSTREE - HERTS 
Telephone: Elstree 3070 


LONDON OFFICE : Telephone ABBEY 2345 
78, BUCKINGHAM GATE, $.w.!. 


AIRCRAFT JACKS 
WING AND PILLAR 
All types available 
Prices on application 
Aero Maintenance Equipment Ltd. 


100a Clapham Park Road, London, $.W.4 
Telephone’ MACaulay 2477/8 


as distinct from enquiries which 
will, however, also be considered. 
THER details available on request to Box sz03 


CARTWRIGHT HAMILTON AVIATION, LTD. 
IR private owners and clubs: 
B.* SWALLOW, 12 months C. of A., £300. 
MoT# MINOR, 12 months C. of A., £450. 
MILES MAGISTER, 12 months C. of A., £350. 
MILES HAWKE MAJOR, 12 months C. of A., £375. 
Atso for disposal:— 
JNSPECTION and Demonstrations willingly 
and hire-purchase facilities 
*. Lange, W.l4. 


R. K. DUNDAS, LTD. 
Aeroplanes by Dundas 
USTIN V. £850. 

Ticker MOTH. £350. 
GBALAND. £12,500. 
VIKING 1B. £29,000. 
PPERCIVAL Q6. £1,700. 
MESSENGER. £1,425. 
"TAYLORCRAPT . £715. 

Aeroplanes by Dundas 


K. DUNDAS, LTD., 29 Street, London, 
S.W.1. Tel: WHI. 2848. Cables “‘Dundaseero 
Piccy, London.” 


(oss9 


PIPE CLAMPS 


All sizes, all types to suit 
$.B.A.C. standard flanges 


Write for full details 


KING AIRCRAFT CORP. 


HILLINGTON, GLASGOW 


TELEPHONE. HALFWAY 457! 
TELEGRAMS: AIRCRAFT, GLASGOW 


WIRE 
THREAD INSERTS 


Y Y 


FOR NEW DESIGNS 
AND SALVAGE 


CROSS MFG. CO. (1938) LTD. 


COMBE DOWN, BATH 
TEL : COMBE DOWN, 2355/6 


COTTON BAGS 


FOR SPARE PARTS, ETC. 


WALTER H. FELTHAM & SON, LTD. 


imperial Works, Tower Bridge Road, 
Telephone: HOP 1784 LONDON, 8.E.1 


Specia! rates for Auctions, 


wy 
per 
and 
| 
ircral ground mamtenance equipment 
ood range of spare parts. 
AIRCRAFT details: 
= Gipsy Maior Series I 
\ 
We are now able to accept WW \ 
for work on 
DAKOTAS MARATHONS + VIKINGS 


Offer 


DAKOTA 


PASSENGER OR FREIGHTER 
with 
COMPLETE OVERHAUL 
12 MONTHS €. of A. 
ENGINES and PROPELLERS 
ZERO TIME 
DELIVERY 
Approximately 10 weeks 


Subject to remaining unsold 
Details upon request 


FIELD AIRCRAFT SERVICES 
LTD. 
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AIRCRAFT FOR SALE 


W. S. SHACKLETON, LTD. 
Europe's Leading Aircraft Brokers 
offer 
CHIPMUNKS 


It gives us great pleasure to 
ment on behalf the Aero Club Redecsiies of 
Australia, the Aero Club of > Tasmania, and a 
number of private individual t the world, 
to select, purchase, Gumantie, pack, insure and des- 
patch ex R.A.F. Chipmunk aircraft. 
y we act on your behalf also? We invite you to 
write ‘or full details. 
Ww, S. SHACKLETON, LTD., 175 Piccadilly, 
I Cable: “Shackhud, 


sndon, W.1 
Phone: HYDe Pari. 2448-9, 9408. [0070 


VENDAIR, Croydon Airport, offer: 
poocres Ill, & at A. expired, Rumbold uphol- 
stery, 
ROCTOR iz ‘months C. of A., immediate 
delivery, low hours. £500. 
AUSTER AUTOC T, Airframe 400 hours, engine 
zero hours. £1,100. 
avy IV, dual control, low hours, 12 months 
Tiske MOTH, engine hours 500. 9 months C. of A. 
TIGER MOTH, C. of A. expired, dismantled, £150. 


. CRO. 5777. 
VENDAIR, Croydon Airport [0603 


MITCHELL AIRCRAFT, LTD. 


for 


EENGINES. 
GPARES. 
gums invited for aircraft items of any 
ITCHELL AIRCRAFT, LTD., Airport, Ports- 
M mouth. 717641. [0348 
Acer v. V. 12 months C. of A. Engine 105 hours 
£810. Box oe 1570. [5190 


ROLLASON AIRCRAFT & F & ENGINES 

have the following aircraft for be 

TIGER MOTH suitable for Flying oS. Full dual 
control and full basic instruments in both 

anti-sp Slots. 


inning strakes and D.H. 
12 months C. of A. £375. 
GER MOTH as above but fitted for night fiying. 


‘ect touring aircraft. £950. 
the above aircraft have standard silver finish, 
with blue, green or black lettering. 
delivery can be given. 
RICES 


quoted are subject to alteration without 
F notice and apply to the U.K. only. ly. Ring Cropdoe 


AIRCRAFT WANTED 


tions is very great. 


ed to communicate a 
DUNDAS, LTD., B Bury Street, London, 
Ww. 2428. Cables: ““Dundasaero, Piccy, London.” 
[osss 


AIRCRAFT ACCESSORIES AND ENGINES 


'Y Major Mark I engine, new, fully released. 
No. 1549. [siss 
f-- 
I accessories or + ely 
we hope—source of supply is: 

TER, Gatwick , Surrey. 
Tel.: Horley 1420 and 1510 (Bxt. 1056). be 4 
ROLLASON AIRCRAFT AND ENGINES, LTD., 

s for er psy r 
ent engines available. Also spares 


f Consul, Magister and 
~ for Auster. $151. (0131 


SEATS 


Type 26 FL/61035/Sht. 55/57 


e NEW UPHOLSTERY 
e FULLY RELEASED 


e FITTED TABLES ON 
REAR OF SEAT 


e IMMEDIATE 
DELIVERY 


£19 each 


Sales Dept. 
SOUTHEND AIRPORT 
SOUTHEND-ON-SEA ESSEX 


Phone. Rochford 56496 Extn: 44. Cables. BEKAYESS, LONDON 
Telex 20-2778 
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HORNET MOTH. Dual control. 12 months C. of a } a 
A. Nil hour engine fitted with aluminium cylinder e 
heads. New upholstery throughout. 5 hours endurance. oe. 

CROYDON AIRPORT - CROYDON SURREY 
ENG LAND 
Phone: CROYDON 7777 

Cables: ‘FIELDAIR’, Croydon 
Att types of aircraft, engines and spares required ‘ 
particularly in the Auster, Messenger, Rapide Peary 
Forward details to: 
AIRCRAFT, LTD., Airport, Ports- 
mouth. 717641. [0350 oe 
UR demand is for good used aircraft of all descrip- : 
| 

th 

COMPANY 


62 
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AIRCRAFT ACCESSORIES AND ENGINES 


LAMENT Landing and 
Generators, Mi, Ol, Pi, 314 
Inverters, etc. Super in Heater Relays, F vases 
and « ange of — 
American. — x Lamps, thigh 
Lendon, wor [0433 


AIRCRAFT PROCUREMENT 


ROUP CAPTAIN EDWARD MOLE, B.Sc., 
A.F.R.Ae.S., Aviation Consultant in the 
supply or “disposal of all types of aircraft and aviation 


request.—_8 
vey London, W.1. Tel.: PADdington 5406. 


[0403 
AIRCRAFT SERVICING 
BPAIRS and C. of A. overhaul for all of —* 
craft—Brooklands Aviation, Ltd., R 
Services, Sywell Acrodrome, orthampton. or 
Moulton 3218. [0307 


AIRCRAFT HANDLING 


AIRCREWS AND FERRY, LTD., 


Blackbushe Airport, 
Camberley, Surrey. 


AIRCRAFT HANDLING AGENTS 
COMPLETE AIR CREWS ON HIRE 
FERRY CONTRACTORS. 
Tel.: Camberley 1600. Ext. 51. 


[5189 


CAPACITY AVAILABLE 


in all metals. Send 
copy from wood, or plaser 


BLLERING and 

us your die bi 

masters. Up to 5 ft. by 8 ft. max size 
copiers to the trade 

RMYTAGE BROS. (KNOTTINGLEY), LTD., 

The Foundry, Knottingley, Yorkshire. Tel: 

Knottingley 2046 [0975 


CLOTHING 


A.F. and R.N. officers’ uniforms sed; large 

* selection of R.A.P. officers’ kits for sale, new and 
reconditioned.— Fishers, Service Outfitters, 86-88 Wel- 
lington Street, Woolwich. Tel.: Woolwich 1055. [0567 


CLUBS 


LYMOUTH AND DISTRICT AERO CLUB for 
Auster and Tiger Moth flying instruction; dual and 

solo for £3 per hour reducing to less than £2 per hour 
for solo flying on | Yourself Hire” basis: flying 
instructors’ courses and M.C.A. approved courses for 
private pilot's licence.—-Tel. Plymouth 72753. [0341 
Hee S AND ESSEX AERO CLUB, Stapleford 
Tawney Aerodrome. M.C.A. waved 
eo. licence course. Auster, Gemini, Tiger, Hornet, 
ssengers and Proctor aircraft. Trial lesson 35/-. 15 
miles centre of London. tral Line Underground to 
Theydon Bois, bus 250 to club. Open every da 
Stapleford 210. 


CONTACT LENSES 


W.C.l. Deferred Terms. 


(0342 


MODERN CONTACT LENSES CENTRE, 7 LS. 1), 
Endsleigh Court, 
Booklet sent. 


MISCELLANEOUS 


RED, steep st 
downs, tropical neds, factors factors, Write 
Bellman Hangars, Ltd., Hobart House, S Wi. [4946 
R®: TRACTABLE ball point pens $14.40 gr., balloons 
75 cents gr. up. Pocket combs 79 cents gr., hun: 
knives $5.25 dz., 3 in. steel $3.50 gr., 
$4.50 gr., pocket knives $50 gr., Ty $1.60 gr., 
ball pens 4 cents cach, yank = $2. 5 gt. up. Dolls 
$4.50 gr., nylon tooth brushes $3.50 gr. up. Cloth-hair- 
shoe brushes 10 cents each, clocks, watches. Men’s 
ties 15 cents each. Needles, safety-pins, costume jewel- 
ery. etc. 6,000 closeouts 10 per cent below price. Toys, 
%, pearl necklaces 7 cents ea. Razor blades $1.50 
Wallets 7 
‘umes, belts, sci: 


cents =. y $4 up. 
parr COHEN, co., 881 Brwsy, N NYCS [0295 


COMPLETE OVERHAUL 


BY BRITAIN’S 


FOREMOST OVERHAUL 


ORGANISATION 


IF YOU OWN OR OPERATE THE 
FOLLOWING TYPES OF ENGINES 
THEN OUR SERVICE IS VITAL TO 
YOUR CONTINUED SMOOTH AND 
UNINTERRUPTED PROGRAMME :— 


LYCOMING and SCARAB 


We now serve operators 


in 
40 DIFFERENT 
COUNTRIES 
throughout the world 


Large Stocks of Sales 


Engines and Spare Parts 


available for prompt 
despatch anywhere 


Overhauled Engines and 
Magnetos available on 
Exchange Schemes 


A.R.B. APPROVED ORGANISATION 


Telephone 73947 


PACKING AND SHIPPING 
R, | PARK, LTD., 143-8 Fenchurch St., E.C. 

Mansion House 3083. Official and 
to the aircraft (0012 


PUBLIC ANNOUNCEMENTS 


BOURNEMOUTH EDUCATION COMMITTEE 


BOURNEMOUTH MUNICIPAL COLLEGE OF 
TECHNOLOGY AND COMMERCE 


(Principal: Dr. M. L. Yates) 

Required for 1st September, 1956:— 
MECHANICAL ENGINEERING DEPARTMENT 
ects to 


honours ~~ or equivalent q 
aeronautical enginee 

Two Assistants Grade “B” to teach mechanical 
subjects to the standard of the 
National Certificate. One of the persons appointed 
be expected to teach $3 Workshop Technology. Candi- 
dates should have degree or equivalent qualification 


Town 

returnable by 19th May, 1956. 
5195 

TENDERS 
T= ral, India Store Department 
(AIR Bromyard Avenue, 
W.3, invites tenders for the su of: 

(a) Aircraft —- 2 Instruments, Flying truments 


and Acce 
Ref. No. 3764/55 (CDN) must be quoted in all 
applications for this — 

(b>) Aircraft Instrument T: st Equipment. 
Ref. No. 3683/55 (C.D.N.) must be quoted in all 
applications. 


29th May, 1956, may be obtained f 
(C.D.N. Branch) upon payment of a 
each schedule 


rom this 
of 10/- for 
which fee is not re b [S209 


TUITION 
AIR SERVICE TRAINING 
The only fully equipped pepeate Scheel of Ant viation. 
Specialist comprehensive equipment full 


residential and recrea' facilities the School 
ensure the soundest training for an aviation career. 


M.T.C.A. APPROVED COURSES 


HELICOPTER COURSES 


for private and lessional licences. Details avail- 


AIR SERVICE TRAINING, LTD. 


Hambie, Southamptoa. Tel. Hamble 5008/0. 


MINISTRY APPROVED COURSES 
for the 


COMMERCIAL PILOT AND INSTRUMENT 
RATING 


at the 
LONDON SCHOOL OF AIR NAVIGATION 
LL subjects for professional pilot or mic, “Tech. 

A licence: ech- 


s and rati 
nical, Simulated and 
» also short 


33 OVINGTON $ 
LONDON KEN. 
FLYING BASE: “CROYDON AIRPORT. [0277 


Certs., A.M.I.Mech.E., etc., on 
“no pass, no fee” terms. Over 95 per cent suc- 
cesses. For details of exams and courses in all branches 


navigation, mechanical eng., etc., 
write f 44-page handbook tree BIBT. ¢ 
702), 10 Wrights Lane, London, W 


FLIGHT 
— 
dard of the Higher National Certificate, with responsi- 
bility for the supervision and development of the 
aeronautical laboratory Applicants hould have 
in Mechanical engineering ; 
aa SD Salaries will be according to the Burnham Technical 
Seale, 1954. 
: GIPSY MAJOR RANGE Further particulars and application forms obtainable 
aa GIPSY QUEEN RANGE 
= CIRRUS RANGE 
’ Tenders are acceptable only from firms which are 
A.LD. approved 
for private and commercial pilots’ licences and main- 
tenance engineers’ licences in categories “A” and “C.” 
Advanced courses for pilots, navigators, radio 
| 
F alter 
4 
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SITUATIONS VACANT 


preferred, but not essentiai. 
rience to F. G. 
Shoreham ussex. [5200 
Instructor. A part- -time Instructor with 
commercial licence and instructor’s certificate 
wired to instruct students on Aiglet Trainers. 
by arrangement. giving full 
Recorder, “he "College of ‘Ac 
ronautics, 
Bletchley, Bucks. {520 


TUITION 


THE COLLEGE OF AERONAUTICS 
A Course of Lectures on 
AERODYNAMIC PRINCIPLES OF THE 
HELICOPTER 


will be given at the College from 
Monday, 28th May to Friday, Ist June, 1956 


F. 
. (Associated “with H. MV. (0564 
UTHEND-ON- SEA Municipal Air and 
Comprehensive fiying =. for 
a plot — ratings and endorsements. Special 
ities for instruments, night-flying and commercial 
NICIPAL 
Rochford 56204 [0453 
AIRPORT WORKS CAMBRIDGE 
SENIOR WEIGHTS 
ENGINEER 
REQUIRED FOR MODERN 
DESIGN OFFICE 
feo group preferably 25/35. Must 
at least three 
Weight Calculations in 
Aircraft Design. 
Good salary with excellent long 
term prospects. 
Housing assistance available if 
required 
Written application quoting REF/ 
SWE with full particulars to:— 
PERSONNEL MANAGER. 


VICKERS - ARMSTRONGS 
(AIRCRAFT) LIMITED 
WEYBRIDGE 
have vacancies for 
(l) AIRFRAME FITTERS 
ENGINE FITTERS AND 
AIRCRAFT ELECTRICIANS 
with experience on civil or military 
aircraft, to assist on Flight Test and 
Development work on Viscount, 
Viking, Valetta and various other 
types of aircraft and their engines, at 


Wisley Airfield (near Ripley on the 
main London/Guildford road). 
Applications, quoting date and pre- 
fix letter of advertisement to: 
Employment Manager, 
Vickers-Armstrongs (Aircraft) Ltd., 
Weybridge Works, 
Weybridge, Surrey. 


Curp Components 
41, LONSDALE ROAD, W.11—Bayswater 0319 


ormance includ 


of 
discussions on pe probleme of and contra 


lence Charge uding boon 6 
oSry of the syllabus and Forms of Enrolment 


can be obtained from The Warden, pe Cee 
Aeronautics, Cranfield, Bletchley, Bucks. [S091 


CIVIL PILOT/NAVIGATOR LICENCES 


Postal Tuition at 


AVIGATION LIMITED 


30 Central Cham Ealing B’way, London, W.5. 
Ealing $949" (0249 


URREY Flying Club, Croydon ee A. 
S approved for private 
days a week. Croydon 7 


conversions, instructors’ courses and all forms 


engine 

of advanced tra prospective ilots. 

Elstree 3070 or write Chief 
Ae 8 


¢, Herts. 
LEARN to fly, £26; In Licences and Instru- 


structors” 
ment flying for £3/5/- per hour. Night flying 
hour. Residence 6 ineas weekly. 


£4/5/- 
y | CLA. 
Specialised fe 


from Waterloo), Hants. 

nical and practical ining for careers in 
branches of aviation engineering. Diploma course leads 
to interesting executive appointments in civil aviation 

design and draughtsman » mainten. 
ance, etc. Extended course to prepare for F R.Ae. Ss. 
and A.M.I.Mech.E. examinations. Write for pros- 


SITUATIONS VACANT 


A. V. ROE & CO., LTD. 
have a 
SENIOR VACANCY 
for a 
TRIALS TEAM LEADER 


OPPORTUNITIES AND WORKING 
CONDITIONS EXCEPTIONAL 


A. V. ROE & CO., LIMITED, 


GREENGATE, MIDDLETON, 


COLLEGE OF SCIENCE 
TECHNOLOGY 


(University of London) 
DEPARTMENT OF AERONAUTICS 


within the £7 


from Ist October, 

x £50—£1,400, with jowance 

of £50 per child, the starting salary in 

di 
spaces to devote a 

substantial of his time to research. ——- 


BROOKLANDS 
AVIATION LTD. 


NORTHAMPTON 
require 


SENIOR 
INSPECTORS 


for work on 


VALETTA and 
VARSITY AIRCRAFT 


Regular work and Overtime 
APPLY T 


BROOKLANDS AVIATION LTD. 
Buttocks Booth, Moulton, Northampton 


LIMITED 
require 
Senior, Intermediate and Junior 
DRAUGHTSMEN 
STRESS ENGINEERS 


AERODYNAMICISTS 
and other Technicians at ‘their London, 
Eastleigh and Osborne, I.o.W. design 


ications will be welcomed from ex- 
rrienced technicians who are keen to 
join an expanding anisation 
on interesting and ts of 
an important nature. 
Conditions are good and assistance with 
accommodation can be given to those 
selected to work at Osborne. 
Interviews may be arranged in London 
and in other centres. 
brief particulars ( 
the Personnel “4 
Saunders-Roe Limited, East Cowes, Lo.W. 


HELICOPTER CHARTER 


U.K. and OVERSEAS 


AUTAIR LIMITED 


75 Wigmore Street, London, W.1 
Tel.: WELbeck 1131 


exams, etc. Also courses for all other branches of oe? 
| 
ara ractica str win- 
Junior Commercial Pilot's 
K chool of Flying, Ltd., Thruxton ‘ 
Ae er Junction 1 hour 15 minutes hy 
SAUNDERS-ROE 
A her on a 
missil ired to 
lead esearch 
CHIEF DESIGNER, 
_ BS. E- 
veD 
3B. APPRO 4 
SS 
‘C_Controller—Grade 
Bembridge Airport, Isle of Wight. 
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AVIATION TRADERS (ENGINEERING) LIMITED 


REQUIRE THE FOLLOWING PERSONNEL FOR IMPORTANT DESIGN AND 
DEVELOPMENT WORK IN CONNECTION WITH THEIR “ACCOUNTANT” 
AIRCRAFT AND OTHER PROJECTS 


TECHNICAL STAFF: 
Assistant Chief Aerodynamicist Assistant Chief Stressman 
Aerodynamicists and Stress engineers, all grades Flight Test engineers 
Structural and mechanical test engineers Weight engineers 
Technical Assistants, all grades 


AIRCRAFT DESIGN DRAUGHTSMEN—JUNIOR, SENIOR and INTERMEDIATE 
with experience in the following: 
Aircraft structures, electrical installations, power plant installations, fuel systems, hydraulic installations, 
aircraft controls. 


Design draughtsmen are also required for specialized handling equipment; knowledge of hydraulics desirable. 


WORKS’ PERSONNEL: 


An experienced Aircraft Shop Foreman is required for the “Accountant” experimental shop, together 
with— 
Skilled assembly and detail fitters Aircraft panel beaters 


Coppersmiths Tool makers 
Machine shop operators (shift work) 


Applications for Design and Technical appointments should be addressed to the Chief Designer, and those 
for Works’ vacancies should be addressed to the Experimental Superintendent, at— 
AVIATION TRADERS (ENG.) LTD., 

MUNICIPAL AIRPORT, SOUTHEND-ON-SEA, ESSEX 


MECHANICAL HANDLING 
ON SHOW! 


Get this great Exhibition Issue of 
the journal organizing the Show 


MECHANICAL HANDLING gives you a continuous flow of 
essential up-to-the-minute news and data on industrial 
mechanization. Start your reduced cost—increased profit 
programme now with the May Show Number: the com- 
plete exhibition guide and illustrated review of modern 
handling equipment and methods. 


PLACE YOUR SUBSCRIPTION NOW TO SECURE THE 
MUCH ENLARGED MAY SHOW NUMBER 


DORSET HOUSE, STAMFORD STREET, LONDON, S.E.1 


Please enter my subscription to MECHANICAL HANDLING for the 
next 12 months (12 a0) I enclose remittance for £2 5s. Od. 


| 
- 
WECHANICAL HANDLING | 
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SITUATIONS VACANT 


L 


to final degree 
Bld Vand to develop 


ications. 
science 


FIRST-CLASS 


Hertfordshire County Council 
HATFIELD TECHNICAL COLLEGE 
ROE GREEN, HATFIELD, HERTS. 

Principal: Dr. W. A. J. Chapman, M.Sc.(Eng.) 


DEPARTMENT OF AERONAUTICAL AND 


MECHANICAL DESIGN 


in 


Aeronautical Engin- 


ECTURER Mechanical or 
eering. Applicants should “be qualified to lecture 
standard in at least one subject in this 
appropriate laboratory work. 


SSISTANT Grade B for Aircraft Servicing and 
Maintenance. Applicants should have had practi- 


ineering 
Ability to lecture in 
be an advantage. (A 


Licence or A.M.S.L.Ae. quali- 


Ground and should preferably possess 
Drawing or 


3.) 


IR both posts appropriate experience 


together with some 


Se tember" Ist 
application f 


xperience is desired. 


Repre ti 
sales specialized val on 


commission. Onl 


(5173 


OR Design Draughtsman, accustomed to work- 
with the minimum of supervision, required for 


t Component Department. Aircraft experience 


preferable (7 not essential. 
experience and —— 


Aircraft 
Are Hillington, G Chace 


BAYNES AIRCRAFT 
/ A Langley Aerodrome, Bucks. Te 


A. V. ROE & COMPANY, LIMITED 
have one or two vacancies 
for 
DESIGN & DEVELOPMENT DRAUGHTSMEN 
, A. work on Guided Weapons at Woodford Aero- 
rtunity to be = expand 


This is an excellent 
ing organization. A ve salaries will be paid to 
suitably qualified posesanel, Working conditions are 


exceptional. 


Written a tions, which will be treated in con- 
fidence, be addressed quoting Ref: WRD/DD 
to:— 

The Personnel Manager, 


A. V. ROE & CO., LIMITED, 


GREENGATE, MIDDLETON, 


IRCRAFT section leader design draughtsmen 
required. Salary according to age, experience and 
qualifications up to £900 per annum. Pension scheme/ 

superannuation fund in ration. Write or phone 
RS 


[5101 


AIRFRAME Fitter, , Magisters, Austers. Licences not 
Necessary 
Chief Engineer, Denham Club, Tilehouse 
Bucks. Denham 216 [5180 
ST and Lab ired for gyro 
electro instruments. ly stating 
Street [0147 


GLOSTER AIRCRAFT CO. LTD. 


GLOUCESTER 
(Member of the Hawker Siddeley Group) 


OFFERS YOU AN OPPORTUNITY TO 
REWARDING AND SUCCESSFUL CAREER WITH 
BRITAIN’S MOST PROGRESSIVE AIRCRAFT COMPANY 


of with 
These appointments are sy commencing 


Our large modern factory is situated in the Cotswold Hills, with excellent canteen, 
sports and welfare facilities, hostel accommodation available and assistance given with 
housing and with removal expenses 


Applications stating age, previous employers and experience, etc., should be addressed 


Vacancies exist on super-priority work for 


DRAUGHTSMEN 
PROJECT DEVELOPMENT 
AIRCRAFT DESIGN 


(Experienced Structural, Electrical and Mechanical ~~ rca also required. Aircraft 
experience not essential 


AERODYNAMICISTS 


(Of some years’ experience. Fluent mathematical ability essential) 


STRESSMEN 


(For both strength and flutter calculations) 


WEIGHT ENGINEERS 


(Senior and Junior. To assist in the control of weights gvving design and development. 
Previous experience essential) 


BUILD A 


preferably educated to H.N.C. 
standard, with sound experience 
of Mechanical Design of precision 
components, are required for 


ADVANCED 
PROJECTS 


dealing with Fuel System equip- 

ment for Gas-turbines, ramjets, 

rocket motors, and flying con- 

trols for aircraft and guided 
missiles. 


Vacancies also exist for 


TRACERS 


These posts carry good salaries 
and offer outstanding prospects 
of advancement. 


* Five-day week 
* Sports and Social Facilities 
* Non-contributory Pension Scheme 


Those interested are asked to 
write, giving full details of age 
and experience, to:— 


H. M. HOBSON LTD. 


FORDHOUSES, 
WOLVERHAMPTON, 
STAFFS 


| 
F | 
Duties to commence or Ae 
FFURTHER particulars obtain- 
able from the Registrar. [S198 : ; 
wired to cov 
. Salary 
ss Current co 
tior 
° 
e : 
= 
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HUNTING PERCIVAL 
AIRCRAFT LIMITED 


Urgently require for very interesting 
top priority work, in their 


WEAPONS RESEARCH DIVISION 


ENGINEERS with experience in light 
electro-mechanical systems. Appli- 
cants should hold a degree or equival- 
ent in electrical engineering or 
physics, with a minimum of 3 years 
experience in this type of work. 


ENGINEERS with experience in air- 
craft type structures. Some stressing 
experience is an advantage. Appli- 
cants should hold H.N.C. or equival- 
ent, with a minimum of 3 years 
experience in this type of work. 
DRAUGHTSMEN with experience in 
either electrical, mechanical or 
structural design. 


Vacancies exist for Seniors 
and Juniors. 
These positions are permanent with 
very good promotion prospects and 
good salaries will be paid to the 
right men. 
Contributory Pension and 
Life Assurance Scheme. 
Please apply, quoting ref. W.R.D., 
and giving full particulars of age, 
experience, qualifications, and salary 
required, to 
The Personnel Manager, 
HUNTING PERCIVAL AIRCRAFT 
LTD 


Luton Airport, Beds. 


SITUATIONS VACANT 


SITUATIONS VACANT 


A. V. ROE & CO., LTD. 

have vacancies at 
WOODFORD AERODROME 

FOR WORK ON 

GUIDED WEAPONS 
for three vr four 
INSTRUMENT DRAUGHTSMEN 
having two or small 
ALSO 
for three or four 


INSTRUMENT 
UGHTSMEN 


with Electro Mechanical Instrument Design 


e 
PPLICANTS should have either Higher National 
Certificate or Ordinary National te in 
Electrical Engineering and/or Mechanical Engineer- 
ing. Stating age, 
s salary required, quoting reference 
should be addressed to: 


The Personnel Manager, 
A. V. ROE & CO., LTD. 
GREENGATE, MIDDLETON, MANCHESTER. 


FLYING INSTRUCTORS 
BRITISH OVERSEAS AIRWAYS CORPORATION 
has vacancies for 
STAFF PILOT/INSTRUCTORS 
pur include the conversion of pilots fm 
mr instruction 
staff piloting on 


Pay £1,305 per annum to £1,575 per annum. 


Generous pension and insurance - 
Stating age. licences 
to taff Manager 


[si99 
IR Traffic Control Officer to take uo Guiles duties 
in very near future at Cam ’ 
must or be capable of 
APPLICATIONS wits details of experience should 
to Personnel Manager, “sin 
[cENSED Engineer required for re sible posi- 
modation Available iving 
present salary, ger, 


including 
Aviation) at Wolverhampton Airport. 
ADIO required for civil aircraft =e > in 
Midlands. Apply Don Everall (Aviation) above. 


THE HESTON AIRCRAFT 
CO. LTD. 


HESTON AIRPORT 
Hounslow, Middlesex 


have immediate openings 
in their 
DESIGN OFFICE 
on a new and interesting 
Civil Aeroplane 
for: 
SENIOR, INTERMEDIATE 
and 
JUNIOR DRAUGHTSMEN, 
EXPERIENCED STRESSMEN 


LONG-TERM PROGRAMME. 
Good opportunities 


Please write with full 
particulars to: 


THE CHIEF DESIGNER 


(5162 [5193 
BAYNES AIRCRAFT INTERIORS TECHNICAL WRITER 
pote £700 to £850 p.a. 


STRESSMEN AND 
™ WEIGHTS ENGINEERS 
for varied and interesting work on 
civil airliners. 

Pension and Life Assurance Scheme. 
Interviews can be arranged for Saturdays 
or evenings if necessary. 

Apply, stating experience and salary 
required, to: 

The Personne! Officer, 
Langley Airport, Bucks 


(According to ability and experience) 


An opportunity has arisen in the Technical 
Publications 


rtment of a lor ight 
engineering company in the N.W W Condon 
district. 


Work would require good Gnestotee of 


modern aircraft electrical systems 
ability to compile maintenance manuols. 


It is thought this post might be porticu- 
larly to ex-senior NEOs. in 
Flying Services. 


Box A.C.18718, Samson Clarks, 
57-61, Mortimer Street, W.1. 


TRANSFER 


Here is an opportunity to work with a 
High 


Senior Staff Posts for Ambitious Men! 
JOSEPH LUCAS LIMITED, BURNLEY 


Manufacturers of Aircraft and Motor Equipment 
require the following technicians to assist in the 
work of Gas Turbine development. 


MATHEMATICIAN 


Applicants should possess a B.Sc.(Maths.) degree. 


PERFORMANCE ENGINEER 


who should hold a B.Sc.(Eng.) degree. 
COMBUSTION or HEAT 


B.Sc.(Eng.) degree or an A.M.I.Mech.E., and has experience 
of heat exchanges and fundamental heat transfer. 


progressive company on gas turbines that power the most modern aircraft. 
salaries to the right men. An assured future and a generous pension scheme. 


Apply by letter to The Personnel Manager, 
Hargher Clough Works, Burnley, Lancashire. 


ENGINEER 


= | 
| 
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A. V. ROE & CO., LTD., 
WEAPONS RESEARCH DIVISION, 
WOODFORD AERODROME, CHESHIRE. 
TRIALS DEPARTMENT 


HAYE ry 4 posts for work at Woodford, N. 
Wales and in Australia, as follows: 

1. Trials team leaders. posts and 
soquive of end ability werk on 
own initiative. Electronic engineering qualifications 
of grad take charge 

nior engineer uate | to 
of a section dealing with test firing of rocket motors 
of explosives would be an my 


3. Technicians to work under 2. above. O.N.C. 

ae be an advantage. 

~ with at least 
of one of the following:—Telemetry, 5, 
hydraulic systems, fuel systems or radar. 

5. Technicians to work “ES, above. Some ex- 
perience is desirable and an O.N.C. would be an ad- 
vantage but is not essential. 

Applicants 


6. and junior 
for these posts should have Sn lh and some 
knowledge of electronics. 
for nt acto safety aspects of explosive storage, 
“s Laboratory assistants with experience of airframe 
writing etails of 
, Should be addressed to:— 
THE CHIEF ENGINEER, 
A. V. ROE & CO., LIMITED, 
WEAPONS RESEARCH DIVISION, 


WOODFORD AERODROME, 


AEROSERVICES 
Limited 
OFFER Dakota Operators complete Parts 
Service. Airframe Major by 
Ailerons, Fins, Rudders, Flaps and Airframe d 8. 
RATT & WHITNEY F.1830 Series na Spares, 
al SF14LU7, SF14 i 
PDI 2H4, PD12F5, Fuel 
Pumps, Generators, etc. 
SEND full details of your requirements to: 
EROSERVICES Croydon Airport. 


LIMITED. 
Tel.: CROydon 9373. Cables: Aecroserv, 
$212 


Commencing BWI1$450 per month to BWI 
$550 p.m. > oe Cost of Livi Allowance BWI 
i lowance of BWI$80 


~~ 


maintenance on cau aircraft, preferably with licence 
for keen man. Li fi 
rite in first instance. Box No. 1571. 
— required for test fi 
age 27, Minimum hours a 
course test. s to: 
Chie Test Pilot, 
ELD AIRCRAFT SBRVICES LIMITED, Not- 
tingham Aerodrome, nr. [5196 
a Detail Draughtsman ed for Aircraft 
Component 
preferred but not ——— 
Aircraft Co. tion, 
Hillington, G swe [0421 
WANTED immediately, Senior and Intermediate 
Draughtsmen for work on an interesting 


5194 


on Chipmunk and , preferably 
with a knowledge of R.A.P. rocedure. 
Goodhew Aviation Compan 


Oxford 
Telephone -7. 


career 
giving full details of experience qualifications, 

to Box FT. FT.177, c/o 191 Grestam 
House, E.C.2. (5204 


Structural or Electrical experience. 


A. V. ROE & CO., LIMITED 
(AIRCRAFT CONSTRUCTORS) 
GREENGATE, MIDDLETON, MANCHESTER 
Have Vacancies on Super-Priority 
Design and Development Projects for 


DESIGN DRAUGHTSMEN 


(SENIOR AND JUNIOR) 


Applications are invited from individuals having Aircraft, Mechanical, 


Salaries will be arranged according to experience and ability. 


Applications will be treated in strict confidence and should be addressed, in 
the first place, quoting Ref. PM/1, to: 


The Personnel Manager, A. V. Roe & Co., Ltd., 
Greengate, Middleton, Manchester 


ENIOR qualified development engineers and tech- 
known firm of precision engineers, particularly for work 
in connection with Servo systems, small precision 


and required to 
36. Brown, Street, Watford, 


Aircraft Factory. and 
experience and a good owledge of have. 


mechanical test procedure. Preference will be 
to the man who holds a Higher National —~ 


ving full details to 
Gla 
(5192 


trol System. re- 
quired for a f 
with various theoretical aspects of aero pee 
problems. Experience of screw mechanism 
and for y~ inves 
is desira’ 


Personnel 
Coventry. 
OCKETS—tTest Plant Design 
Armstrong Siddeley Motors require 
with a degree or H.N.C. to design and 


analysis 


— propulsion experimental test equipment. The 
Bivision with its future is a worthwhile field 
both for interest and spects. Applications quoting 
RTP to ical Personnel Manager, Ammon 
Siddeley Motors, Coventry. 
WELL known Midland aero engine company re- 
uires Mechanical Engineering Designers and 
wi" tsmen to join teams on various aspects of engine 
construction. Initial salary £650-£1,000 per annum. 
Owing to expansion in new drawing offices, with ex- 
cellent working conditions, departments will offer good 
pros; $s to men with initiative. Sickness benefits 
for families and pension fund. details q 
Reference AD/R to Box 8565. [046 
Poe AIRCRAFT SERVICES require staff for 
— Instrument Division at Bovingdon A’ 
rience in the overhaul and calibration of 
= instruments including moving coil and mov- 
ing iron, Gyroscopic instruments, aircraft flight instru- 
ments — el components as fitted to modern 
t. Housing will — be available at a later 
date. Good rates of pay Apply in the first instance to 
the Works 
Ltd., Bovingdon Airport, Bovingdon, cape 
SENTOR Aircraft Stress 
a South of England Aircraft Company. “Appl. 
cants must have a minimum of 6 years’ experience. 
Salaries £800-£1,100 per annum according to ——- 
ence. New Houses to rent will be offered to 
appointed. Good employment conditions and a 
Superannuation and Life Assurance Scheme is in 
operation. Please send full s of ¢ .— 
to Box A.C.15974, Samson Clarks, 37-61 
Street, London, W.1 [0280 
N*30/32 years (Radar Observer) required, aged 
Ne years. Applicants must have completed the 
A.F. navigator and radar observer course and 
oy fully. conversant with the latest airborne radar, e.g. 
A.l, Gee and Rebecca. Night hter experience 
desirable. Please write, quoting Ref. 37, giving full 
details of age, qualifications and past experience, to: 
Manager (T joyment), 
de Havilland Propellers, Limited, Hatfield, roty 


214 
LIMITED, Edin! have a vacancy 
for a Staff Pilot with A.R.T.P. or Senior Com- 
licence. Dove endorsement an advantage. 
minimum 3,000 hours. Standard 
airline rates are — and the post is permanent 
and superannuate Preference will be given to pro- 
fessional pilots under the age of 35. se apply 
it erry Edinburgh, quoting Re’ 
P/TID/29. [S213 
WANTED draughtsmen to design in aluminium 
for sales development. Must ssess Higher 
National Certificate in Mechanical ering. Loca- 
tion Banbury. Good working conditions and pleasant 
surroundings. Attractive starting salaries offered up 
to £800 p.a..with prospects of promotion from draw- 
ing board. Pension plan in operation. Send brief 
details of qualifications and experience to Northern 
Ltd., Bush House, Aldwych, 
8 
RITISH WEST INDIAN AIRWAYS, Trinidad, 
require First Officers for their Viking Fleet. Mini- 
mum qualifications er Pilot's Licence with 
Instrument Rating. A Viking endorsement is a desir- 
able additional qualification. Commen ncing salary 
£1,152 to £1,632 p.a. according to qualifications and 
experience. Excellent Provident Scheme in force. Six 
weeks’ annual leave. Applications to Asians 
Officer (Associated Companies), 406, 0.A.C. 
Headquarters, London Airport, Feltham, Middle 
ot Company require for their Persian Gulf area 
an assistant to the Aviation Superintendent who 
would be responsible for Air Traffic Control over a 
large area. Only those with pilots’ licences with recent 
all round air traffic control experience need apply. The 
st is pensionable with home iecave every 2 years. 
eference would be given to bachelor aged under 36, 
according to qualifications, but to 
ess than £1,700 p.a. Write q 
No. 9954, c/o Charles Barker & 
ow, London, E.C.4. 


67 
BRITISH WEST INDIAN AIRWAYS 
require the following engineering instructors:— ; 
(a) Airframe Instructor ‘ 
(b) Engine Instructor 
(c) Radio / Electrical Instructor 
to A/ Person 
B.O.A.C. 
Middlesex. 5185 
or better. Apoly in writing 
King Aijrcraft Corporation, 
S.W.2 
Motors, 
[0470 
pment. 
programme. Croc salaries and conditions, in 
| wri with details of previous experience to: King = : 
| Aircraft Corporation, Hillington, | 
IRFRAME Fitter required immediately to work : 
quired immediately for the maintenance of Dove, er 
Heron and Dakota equipment. Permanent position | 
with prospects offered. Apply to: Chief i eer, | Et ater 
Cambrian Airways, Ltd., (Rhoose) 
Nr. Barry, Glam. Tel.: Barry 2100. (5211 | wh 
ICENSED Ground Engineer required to take | 
section. Minimum requirements A & C Licence, B 7 A 
an advantage. Good prospects for applicant with | fut My 
| initiative. Apply Goodhew Aviation 
Limited, Oxford Airport, Kidlington, Oxford. Tel.: eM 
Kidlington 3355/7. (5177 
PILOT required by large Company for fiving Rapid Eat 
‘ 
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SITUATIONS VACANT TRANSAIR SITUATIONS VACANT | 
EVELOPMENT Engineer required for work in announce that their fleet expansion YPRUS AIRWAYS LIMITED has an immediate 

position involves design, test an t develop- . 7 vacanci ropriate via 
ment. An Enginee — Degree or ‘nite technical in 1957 has created incies for evious knowledge of the iddie Bon ie a. 
ay- is desirable, but first class knowledge of CAPTAINS sic salary is in the scale £1,750 x £50 to 5S 
t subject is essential. Write statin age, experience per annum. Cost of os allowance Em +& 
and salary to: Secretary, Alvis, Ltd., Coventry. [5208 FIRST OFFICERS present 4 of 
and salary. The applicant be required to 

The work will interest men who can apply RADIO OFFICERS UF, tose. Cyprus, 

cir design ability to the development of new equip- ee af a PPLICATIONS which will be treated in the 
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AVRO AIRCRAFT'S BUSINESS 


In RCAF operational multi-squadron service in Canada, squadrons 
of CF-100s will begin duty with NATO forces in Europe by 1956 


DROGUE PILOT RIDES RED 


To practice collision course interception—the new one-pass 
radar-controlled attack technique—the RCAF needed “something fast and high to shoot at”. 
Avro Aircraft supplied modified CF-100s which tow specially designed drogues attached to 
12,000 feet of cable. The planes are painted a vivid fluorescent red so they won’t be mistaken for the target. 
Practicing this new collision course attack or the grim business of repelling enemy planes, 
Avro Aircraft’s CF-100s are the mainstay of Western Hemisphere defence. Men of the RCAF patrol 
Canada’s northern approaches on a ‘round-the-clock alert in these mighty all-weather night interceptors. 
Avro Aircraft’s CF-100s add deadly striking force to the air defences of the free world. 
No other all-weather night interceptor in service today can equal them for power and range. 
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